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S U M M A R Y
Sick Building Syndrome (SBS) has been defined as a variety of symptoms 
(including lethargy, headache, sore, dry eyes, nasal congestion and chest 
problems) associated with occupancy of certain buildings. The thesis aimed to 
look at a number of areas of SBS including the use of surveys, stress and SBS 
and the interaction of lighting with SBS.
The first area examined was a survey of two buildings to ascertain what the 
occupants attributed their health complaints to. It was found that there was a 
high prevalence of symptoms in both buildings but it was not possible to. 
attribute health complaints to any direct cause. The survey suggested that the 
interaction between different environmental and personal factors had an effect 
on symptom prevalence but it is still ambiguous as to what factors are causing 
specific health problems.
The second area of research examined SBS and occupational stress among 
emergency control room staff. Using questionnaire data, environmental 
surveys, sickness absence data and an occupational stress questionnaire it was 
found firstly that ill health was attributed on the whole to air quality. Other 
symptoms also found were those associated commonly with shift work 
(indigestion and sleep problems). The research also found that there was a 
stress effect occurring at work but this was due to organisational and 
managerial stress and not job stress. It was not possible to assess how much 
the stress effect was affecting SBS symptom reporting. There were no 
common patterns found in sickness absence but the recording methods used by 
companies were inadequate to collect data relating to SBS.
The final area of research examined SBS and lighting. Two experiments were 
carried out to compare health responses, stress and arousal levels, critical 
flicker fusion and choice reaction times. Two experimental conditions were 
used, the first, warm white fluorescent lighting, the second full-spectrum 
fluorescent lighting. No significant differences were found in either of the 
lighting conditions.
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I n t r o d u c t i o n
Sick Building Syndrome has been associated with numerous different 
symptoms since the first mention of it in the 1960's. Such causes have included 
ventilation and air-conditioning systems, lighting, indoor air ions, indoor 
chemical contamination and links with Legionella pneumophila and other 
building related illness. Symptoms have included headaches, dry eyes, chest 
problems, lethargy and some authors have additionally suggested miscarriages 
and nausea. At present it is not possible to ‘say what direct cause and effect 
relationship exists; however it is hoped that in the future some relationship will 
be found. What is clear from existing research is that the causes are 
multifactorial
In Chapter 1, Sick Building Syndrome is reviewed and the present literature 
appraised. The research aims of the thesis are firstly in Chapter 2 to examine 
by questionnaire and environmental survey, two buildings which were known 
to have SBS symptoms, to find out what occupants in the building attributed 
their health problems to and if there were any patterns in symptom reporting..
Chapter 3 examines the role of stress and sick building syndrome in emergency 
control room staff. The staff were chosen as there was a perception amongst 
management that their health problems were similar to sick building complaints 
and that there was a high prevalence of ill-health. It was aimed to assess 
whether there was a link between stress and sick building syndrome and other 
related health issues.
IN T R O D U C T IO N
l
The final research chapter describes an experiment to examine whether 
changing the lighting from normal warm white fluorescent lighting to full- 
spectrum lighting would improve performance and comfort in sub-control 
rooms and an office environment.
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1 .  S i c k  B u i l d i n g  S y n d r o m e :  
A  R e v i e w
1. SICK BUILDING SYNDROME - A  REVIEW
Since the 1960's there have been increasing reports o f  problems in office 
buildings. The World Health Organisation (WHO) has estimated that 
approximately 30% o f  new or refurbished buildings have high rates o f  
complaint with regard to health and comfort at work (WHO 1986).
A  number o f  different terms have been used to describe this problem and 
include "Tight" or "Stuffy" buildings (Stolwijk & Pierce 1984), Sick Building 
Syndrome, Tight Building Syndrome, Closed Building Syndrome, Building 
Sickness and Office Sickness Syndrome. For the purpose o f  this report Sick 
Building Syndrome (SBS) will he used.
SBS will be discussed after a review o f  some o f  the other factors related to 
illness in the office environment.
1 !  BUILDING RELATED ILLNESS
The types o f  complaint associated with SBS should be differentiated from 
Building Related Illness (BRI). Conditions or complaints placed in this 
category are in general linked to an organic source.
Legionnaires Disease:- This is a type o f  pneumonia caused by the bacterium 
Legionella pneumophila. The organism grows in any warm non-sterile water. 
Symptoms include a high fever, chills, muscle pain, headaches followed by 
breathing difficulties and coughing. The mortality rate for Legionnaires 
Disease is approximately 12% with elderly or immunosuppressed patients more 
at risk (Macfarlane 1989). In the past 10 years the effects o f  this have been
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seen in places such as Stafford District General Hospital - where 30 people 
died, Broadcasting House and Leicester Square where the disease was spread 
from spray drift from infected cooling towers. There are however some 150 to 
200 cases reported each year to the Communicable Diseases Surveillance Unit. 
Other diseases that are caused by the Legionella bacteria include Pontiac Fever 
and Pittsburg Pneumonia. Although similar in transmission the symptoms and 
disease outcome can differ.
Humidifier Fever:- The symptoms that occur with this complaint include 
malaise, fever and muscle pains, similar to Fume Fever. The symptoms 
generally occur within a few hours o f  starting work and are usually worse on 
the first day back at work after a break. Recovery can occur in a few hours 
away from the workplace. The main feature o f  the disease is that patients have 
been breathing air contaminated by microorganisms that have been distributed 
by an air humidification system Research has been carried out in industries 
where humidification is necessary, e.g., the paper industry. Robertson and 
Burge (1985) found that it occurred in approximately 3% o f  office workers 
when humidification is in use. It is not yet clear however whether the reaction 
is an allergy caused by the bacteria or other organisms in the humidifying 
system, an allergy to the endotoxins o f  the bacteria or an allergic reaction to 
the biocides used to keep the humidifier clean. The use o f  steam 
humidification can alleviate this problem.
Occupational Asthma:- This is a prescribed industrial disease and there are at 
present thought to be 200 industrial agents known to cause the problem Some 
chemicals known to cause Occupational Asthma are isocyanates from spray 
painting, colophony in the electronics industry, epoxy resins in plastics
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manufacture, proteolytic enzymes in washing powder production and working 
with laboratory animals. The response o f  the individual to specific irritants 
may take up to 10 years to develop. Symptoms include chest tightening, 
wheezing, coughing, sputum and sometimes chest pains. It has been suggested 
that 8% o f  office workers may be suffering from Occupational Asthma 
(Robertson and Burge 1985). In this research all cases were found to be in 
buildings where humidification was in use. This gave rise to the suggestion 
that symptoms were caused by an allergy to bacteria or their endotoxins in the 
humidification system.
1.2 DEFINITION OF SICK BUILDING SYNDROME
SBS is a multi-faceted problem with a variety o f  symptoms. WHO defined it 
as "a syndrome o f  non-specific malaise the onset o f  which is associated with 
occupancy o f  certain modem office buildings" (WHO 1983).
Finnegan (et al 1984) defined it as " a building in which complaints o f  ill health 
are more common than would be expected". These 2 definitions do not really 
describe the problems and symptoms that are occurring and for the second 
definition it must be asked what the expected level o f  complaints would be.
Tong and Wilson (1990) define SBS as "the chronic and concurrent experience 
o f  a characteristic set o f  symptoms which occur when people are at then place 
o f  work but which disappear at evenings and weekends"
Raw (1992) defines SBS as "a group o f  symptoms which people experience 
while they are in specific office buildings".
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The symptoms experienced by people in affected offices are described by 
WHO (1986).
1. Irritated, dry or watering eyes.
2. Irritated, runny or blocked nose
3. Dry or sore throat
4. Dryness, itching or irritation o f  the skin, occasionally with a rash
5. Less specific symptoms e.g., headache, lethargy, irritability and poor 
concentration.
The symptoms found in the syndrome have been split into other categories by 
researchers such as Robertson et al (1985) and Leeman (1988). The symptoms 
include the following
Dry Symptoms Stuffy nose, dry throat and
dry skin
Allergic Symptoms Blocked runny or itchy nose
Watering or itchy eyes
Asthma Symptoms Tightness of chest, wheezing
Symptoms with no Headache and lethargy
obvious cause
Some studies have also included other symptoms such as miscarriages 
(Ferahrian 1984) high blood pressure (Whorton 1987), thirst (Skov 1992) 
and nausea (Abritti et al 1992). These symptoms have not however necessarily 
been attributed to the building. One o f  the important points about SBS is that 
the symptoms occur whilst at work in a particular building and are relieved 
when away from the building.
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The symptoms do o f  course occur in areas apart from office buildings which 
underlies the narrowness o f  Raw's (1992) definition. A  study reported by 
WHO (1983) found that 15-30% o f  people suffer from these sort o f  symptoms 
at places other than the office environment.
This does indicate part o f  the difficulty in defining buildings that are "sick". 
However when investigating a sick building it should be clear from the start 
that the symptoms to be investigated are work related and are relieved when 
absent from the workplace.
WHO (1983) also split SBS into "temporary sick buildings", where the 
building is either a new construction or refurbished buildings and the symptoms 
disappear after approximately 6 months and "permanently sick buildings", 
where no amount o f  alleviatory tactics seem to improve the problem. Whether 
this is a useful definition is difficult to say at the moment. What would be most 
helpful is to understand how a temporary sick building is "cured".
Many buildings however have a high level o f  complaint without being labelled 
as "sick" and all the definitions and the term sick building usually is only 
applied to buildings where there has been some form o f  survey carried out.
For the purposes o f  this report, the definition o f  SBS is "a collection o f 
symptoms suffered by staff whilst at work in certain buildings. However, not 
all the staff will have the same type, number or severity o f  symptoms. 
Symptoms include headache, eyestrain, sore or dry eyes, sore throats, nasal 
congestion, lethargy, tension, depression, allergy and skin symptoms." This
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definition is used as previous definitions either do not clarify the symptoms or 
where the symptoms occur.
1.3 PREVALENCE OF SBS SYMPTOMS
The prevalence o f  SBS symptoms are often quite difficult to assess. It is 
apparent from the list o f  symptoms that these will occur amongst the general 
population. It has been suggested that up to 30% o f  new and refurbished 
buildings will have many symptoms among staff and up to 85% o f  the staff will 
suffer from one or more o f  the symptoms (Wilson & Hedge 1987, Stellman et 
al 1985 and Woods 1989). Valbjom and Kousgaard (1984) found that in a 
survey o f  1000 office workers, 37% reported mucous membrane symptoms 
and 39% reported having headaches at least on a monthly basis.
The Building Use Studies Group (BUS) surveyed 46 buildings, 10 o f  which 
had a high level o f  complaint and 22 who had more minor complaints (Wilson 
& Hedge 1987). It was found from the study that 20% o f  respondents had no 
symptoms that they associated with work, 25% had 2 or more symptoms that 
they associated with work and 29% had 5 or more symptoms that were work 
related. Using other statistics it was found that the mean number o f  symptoms 
per person was 3.11 with ranges o f  1.25 to 5.25 (Wilson & Hedge 1987). 
Table 1.1 shows the different rates o f  complaint for the different symptoms.
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Table 1.1 Prevalence of Symptoms
Symptom %
Lethargy 57
Stuffy nose 47
Dry throat 43
Headache 43
Itching eyes 28
Dry eyes 27
Runny nose 23
Flu-like symptoms 23
Difficulty breathing 9
Chest tightness 9
Wilson &  Hedge 1987
Other studies canied out have found that the prevalence o f  symptoms is higher 
in air-conditioned buildings (Robertson & Burge 1985).
hi a comparative study Robertson et al (1985) found that symptoms o f  lethargy 
and headache had prevalence rates o f  33% in an air-conditioned building 
compared with 14% in a naturally ventilated building. Watering or itchy eyes 
occurred more frequently in an air-conditioned building with a complaint rate 
o f  28% compared with 7% in a naturally ventilated building.
Finnegan et al (1984) studied 9 buildings, only 2 o f  which had high levels o f  
complaint. It was confirmed again that symptoms were more prevalent in 
buildings that were either mechanically ventilated or air-conditioned.
The higher rates o f  complaints in air-conditioned buildings were also confirmed 
by the BUS study where ah-conditioned buildings had higher rates o f 
complaint than mechanically or naturally ventilated ones (Wilson & Hedge 
1987).
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Kroling (1988) earned out a survey o f  8000 people from Germany (what was 
West Germany). The study was carried out by interview and a follow-up 
questionnaire. What was again found was that symptoms were more prevalent 
in ah-conditioned buildings (Table 1.2.).
Table 1.2 Percentage of SBS Symptoms
Air-conditioned Non air-conditioned
Symptom
buildings
Interview Quest
buildings
Interview Quest
Dry mucous membrane 29 57 16 31
Headache 21 39 16 26
Fatigue 20 50 15 24
Irritability 22 17 19 21
Poor concentration 14 34 10 25
Kroling 1988
Norback and Edling (1991) surveyed 466 subjects randomly by postal 
questionnaire in mid-Sweden. The results found were that the most common 
reported symptom was abnormal tiredness with a 30% prevalence rate and the 
least reported symptom was facial skin symptoms with a prevalence rate o f  
6%. The study also looked at different occupational groups and this will be 
discussed at that point. The validity o f  this study must be questioned on 2 
counts; firstly that only 83% o f  those sampled had actually worked in the 
period referred to in the questionnaire and the symptoms were not identified as 
being work related - an essential part o f  the definition o f  SBS.
Different population groups have also been studied as part o f  prevalence 
evaluations. Wilson & Hedge (1987) found that women reported more 
symptoms than men; this is shown in Table 1.3.
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Table 1.3 Rates of Complaint by Sex
Symptom Male % Female %
Lethargy 50 66
Stuffy nose 42 54
Headache 35 53
Dry throat 40 53
Itchy eyes 22 34
Dry eyes 23 32
Runny nose 20 26
Flu-like symptoms 21 25
Difficulty breathing 8 11
Chest tightness 8 10
Wilson &  Hedge 1987
Different employee groups have also been found to have different rates o f  
complaint. Clerical and secretarial staff were found to have a higher number o f  
complaints than professional or managerial staff in the BUS study, the results 
are shown in Table 1.4 (Wilson & Hedge 1987). Research by Robertson & 
Burge (1985) however found that when 2 floors o f  the same building were 
surveyed there was little difference between different grades o f  staff apart from 
a higher frequency o f  complaints o f  headache and lethargy in the professional 
group.
Table 1.4 Rates of Complaint by Job (Percentage)
Symptom Clerical % Professional % Managerial %
Lethargy 65 53 41
Stuffy nose 54 42 34
Headache 53 40 35
Dry throat 50 37 35
Itchy eyes 33 24 22
Dry eyes 29 25 22
Runny nose 27 20 15
Flu-like symptoms 26 20 16
Difficulty breathing 11 7 6
Chest tightness 10 8 7
Wilson & Hedge 1987
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Norback and Edling (1991) found that in their comparison o f  response rates 
with different groups that certain symptoms were more prevalent in different 
occupations. For general symptom reporting, service industries, health, 
hospital and social work had a higher prevalence o f  symptoms than those 
respondents in sales, agriculture and forestry. This data has been criticised 
earlier and these results may not be unexpected especially as those in 
agriculture and forestry may spend more time out o f  doors rather than in an 
indoor environment.
The BUS study also found that in buildings with people working in cellular 
offices or up to 4 people per office, the rate o f  complaints were less frequent 
and the buildings were found to be more "healthy1', than in open-plan offices 
(Wilson & Hedge 1987).
Other factors which were shown to influence the number o f  symptoms in the 
BUS study was that public sector buildings had a higher frequency o f  
complaints than private sector buildings overall. However when two 
companies in one building were assessed, one a firm o f  solicitors and one a 
government department, there were no significant differences (Wilson & 
Hedge 1987). The reasons postulated for the overall higher levels o f  complaint 
in public buildings are that public sector buildings can be o f  poorer quahty, 
have poorer maintenance standards, are usually open-plan and the type o f  
work being carried out in them (clerical work) (Wilson & Hedge 1987). The 
previous research would suggest that the building is more a source o f  problems 
than other factors.
Sampling bias - the use o f  a non random sample from a population group has
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also been suggested as a factor in the results obtained in the BUS study. The 
methodology used was aimed to sample between 50 and 120 occupants per 
building and used a ratio o f  1:4 for sampling. Although not all building 
occupants were used in the survey the method o f  placing a questionnaire on 
eveiy fourth workplace for full-time staff in different sectors o f  the building 
would assist in the random sampling.
Environmental control was also questioned in the BUS study and it was found 
that those subjects who reported more symptoms are more likely to report little 
control over the environment (Wilson & Hedge 1987),
In conclusion the main contributory factors that can influence the prevalence o f 
SBS are the following factors.
Air-conditioned buildings
Lower grade employees i.e., clerical staff
Open-plan offices
Public sector buildings
Low perceived locus o f  control over environmental factors such as windows, 
lighting and temperature.
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1.4 FA C TO R S  IN V E S T IG A T E D  D U R IN G  S B S  R E S E A R C H
A lot o f  the research carried out to investigate SBS has concentrated on areas 
o f  interest such as relative humidity, ventilation rates or psychology but has not 
tried to take a broad perspective on problem solving. This has been 
counterproductive as it appears that the symptoms can be caused by many 
different factors. However to review the research that has been carried out it is 
easier to categorise into sections such as the thermal environment, 
psychological factors etc.
1.4.1. The Thermal Environment
Research has been well documented with regard to the effects o f  heat and cold 
stress on the human body. It must nevertheless be considered how few people 
work in extreme environmental conditions; whilst those working in an office 
are often subject to variable temperatures they are usually within a reasonable 
physiological range. The thermal environment may nevertheless have an effect 
on people at work. In office environments the problem is more one o f  thermal 
discomfort and the stress that may be associated with that, rather than the 
climatic stress o f  extreme temperatures.
There are recommended standards for thermal conditions in the United 
Kingdom and the 2 most quoted sources are CIBSE and BS 7179. For 
temperature the recommended level for the office environment is a dry 
resultant temperature o f  20°C. The resultant temperature is calculated using 
the following formula:-
tres = 1/rz tr + /4 taf 
Where ta* is the inside air temperature and tr is the mean radiant temperature 
(CIBSE 1978).
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The British Standard recommended temperature for office environments is a 
temperature o f  between 19-23°C and the difference between floor and seated 
head height should be not more than 5°C (BSI (6) 1990).
At present the European Community is also developing standards for 
temperature and the Comite European de Normalisation (CEN) standard is 
most likely to be based on an ISO standard. The proposed CEN standard for 
office environments is based on the calculation o f  resultant temperature and the 
recommended tres for the office environment is 20°C (Parsons 1993).
Research has been carried out to examine the relationship between temperature 
and work performance. Wyon (1974) re-analysed data from a typing task 
carried out in 1923. The task was carried out in relaxed conditions with air 
temperatures o f  20°C and 24°. It was found that typing errors increased by 40 
to 50% at the higher temperature.
Berglund, L. et al (1990) re-examined data produced from a Morse code task 
canied out by the navy. From this data and a thermoregulatory model 
produced earlier, Berglund produced a model to predict thermal discomfort 
and performance decrement. The model suggests that the most effective 
working temperature is 24°C where in the results there was no discomfort or 
performance decrement. This figure is 4°C higher than that recommended by 
CIBSE and the CEN recommendations. It is however only 1°C higher than 
the upper limit recommended by BS7179.
Both pieces o f  research do show inconsistencies about what a recommended
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temperature in tlie office environment should be. On first assessment this may 
be due to different tasks (typing and morse code) being carried out during the 
research. What could be questioned is whether a morse code task is equivalent 
to any tasks carried out in the office environment and whether this research is 
relevant to that environment. The work o f  Berglund, L. (et al 1990) gives 
information in contradiction to both CIBSE and CEN guidance therefore 
perhaps the work o f  Wyon (1974), which suggests an optimum temperature o f 
20°C, is more relevant to office environments
Wyon et al (1973) found that with rapid small fluctuations in the thermal 
environment, there was an increase in sleepiness and fatigue and a decreased in 
accuracy and the rate o f  work. When the environment was changed to large 
slow fluctuations, the only change found was a reduction in reported thermal 
comfort.
Research earned out in office environments and buildings with SBS problems 
has often not been only oriented towards temperature but also towards 
temperature and relative humidity. One study however found that increasing 
the temperature from 21°C to 25° caused an increase in the prevalence o f  
symptoms o f  25% (Jaakkola et al 1990).
There is perhaps a need to examine the role o f  temperature and relative 
humidity together as although extreme temperatures will cause discomfort, 
there is clearly a need to assess the whole indoor thermal environment and it's 
effects on occupants.
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Relative Humidity is defined as the amount o f  water vapour in the air 
compared to the amount when it is saturated. It is therefore dependent on 
temperature, for example when indoor temperature increases there is a' 
decrease in the percentage o f  relative humidity if the quantity o f  water with air 
remains constant*
CIBSE recommendations state that at present relative humidity in the office 
environment should be between 40 and 70%. This would prevent problems 
with static electricity in dry environments and the growth o f  microorganisms in 
damp environments. BS7179 (1990) recommends a relative humidity o f  
between 40 to 60 %. CEN have at present suggested a recommended level o f  
50% for the indoor environment (Parsons 1993).
Various researchers have compared buildings with and without humidification. 
Robertson & Burge (1986) suggested that dry symptoms such as stuffy noses, 
dry throats, thirst and contact lens problems were due to low levels o f  relative 
humidity. What they did find in then research was that buildings with 
humidification had a higher frequency o f  problems with eye irritation and 
rhinitis. It was suggested that this was due to an allergic reaction to droplets 
or other allergens from the humidifier.
The BUS study found there to be a slight increase in complaints where non- 
sterile methods o f  humidification were in use (Wilson & Hedge 1987). In 
those buildings with steam humidification there was found to be a lower rate o f 
sickness complaints, the same level as in non-humidified buildings (Ibid).
1.4.2 Relative H um id ity
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Sykes (1988) cites the work o f  McIntyre (1975) who found that there was 
some increase in eye irritation at 20% humidity compared to normal levels. 
Sykes (1988) also reports the work o f  Griffiths and Wilkinson (1985) who 
found that by increasing relative humidity from 30-35% to 45-50% the 
complaint o f  erythema (slight reddening o f  the skin) was cured amongst 
factory workers.
Reinikainen et al (1990) found that by increasing relative humidity to 30-40% 
from 20-30% by steam humidification, the symptoms o f  dry skin and dry eyes 
were reduced. What was also interesting was that although some o f  the 
symptoms were reduced, the sensation o f  stuffiness was increased.
Smith and Webb (1991) found that by increasing relative humidity by use o f  
steam humidification, some symptoms were found to be reduced over a period 
o f  2 winters. The symptoms that were reduced included dry eyes, lethargy and 
a blocked or stuffy nose. However this study was not very well controlled and 
it cannot be concluded that the changes are due solely to the humidification 
(Raw 1992).
What can be surmised from the research is that humidification may be 
responsible for some o f  the dry symptoms that occur in SBS, they may be part 
ofthe contribution to feelings o f  ill-health.
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When respondents are asked about problems at work they often refer to the 
ventilation and ah quahty in the building. A  few definitions would he relevant 
at this stage. Ventilation is the amount o f  fresh ah exchange in a building, ah 
flow or ah velocity is the rate o f  movement o f  ah through a building and air- 
conditioning is the way ah is circulated and treated on entering a building.
The reasons for bringing flesh ah into a building are odour dilution, the 
dilution o f  contaminants and to supply ah to occupants. Since the 1970s there 
has been an increasing interest in energy saving not only for financial reasons 
but also as a means o f  reducing energy consumption and the reduction o f  
'greenhouse gases' and from this an increase in buildings using ah-conditioning 
and recirculation o f  ah. The BUS study for example demonstrated a link 
between ah-conditioning and SBS symptoms therefore it is important to 
discuss not only the quantity o f  ah supplied but also the quahty in terms o f  
where the supply comes from and the effect o f  recirculation.
There are however some common deficiencies with ventilation and these have 
been collated by Morey & Shattock (1989).
1. Combustion products such as petrol fumes coming in through ah inlets.
2. Outside pollution entering buildings through doors as internal pressure is 
lower than external ah pressure
3. Excessive moisture or condensation developing when ah-conditioning 
system is switched off.
4. When refurbishment is earned out no account is taken o f  positioning o f  ah 
supply vents with regard to the placement o f  interior objects or people.
1.4.3 Ventila tion
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5. The aii-conditioning system is not cleaned and maintained.
6. Not enough fresh air brought into the building.
7. Bacteria and microorganisms growing in the system
8. Heat being produced in the building at a rate so fast the air-conditioning 
cannot cope.
Li a variety o f  countries there are presently guidelines about how much fresh 
air should be brought into a building. These were summarised by Appleby 
(1990) and some are shown in Table 1.5.
Table 1.5 Fresh Air Requirements
Country Application Fresh Air Rate Source
United Kingdom Odour Control 
Light Smoking 
Heavy Smoking 
Very Heavy Smoking 
VDT Work Environments
8 1/s 
161/s 
241/s 
32 1/s 
1.3 1/s/m2
CIBSE Guide (1986) 
BS7179
U.S. A Offices Some Smoking 
Auditoria 
Conference Rooms 
Smoking Lounges
10 i/s 
8 1/s 
101/s 
401/s
ASHRAE Standard 
62-1989
Finland Office 
Open Office 
Smoking Room
101 "/s per 11/s/m2 
101/s per 1.51/s/m2 
10 1/s/pers
National Building 
Code of Finland 
1987
Sweden Non-smoking Areas 
Smoking Areas
5 1/s pers 
101/s pers
Swedish Building 
Code SBN 1988
Nordic Countries Non-smoking Areas 
Smoking Areas
10 1/s pers 
2 0 1/s pers
Nordic Building 
Regs 1989
Germany (West) Non-smoking Areas 
Smoking Areas
5 .61/s/m2 
14-19.41/s/m2
DIN 1946
Japan General Spaces CO < 10 ppm 
CO2 < 1000 ppm 
RSP< 0.15 mg/m2
Building Sanitation 
Management 
Standards Law
Appleby (1990)
What is unclear from all this information is what is an adequate supply o f  fresh 
air into a building. Fanger (1987) questions whether present recommendations 
allow enough fresh air into buildings. Using different levels o f  air flow it was 
found that in one particular building although the air flow was at 27 1/s per
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person, the occupants did not perceive the air quality as good. Fanger has 
suggested the concept o f  the "OLF" (Olfactory Index) to quantify sources o f 
pollution. The olf is defined as the amount o f  bioeffluents emitted by a 
standard sedentary person at a level o f  thermal comfort.
A  study earned out in 20 random offices which were mechanically ventilated 
found not only pollution from occupants but also pollution from materials and 
ventilation systems (Fanger 1988).
Sterling & Sterling (1983) carried out a study into the effects o f  different 
ventilation rates and fluorescent lighting types. Then study found that as 
ventilation rates were increased there was a decrease in the number o f  
symptoms and complaints o f  eye irritation. Ventilation rates into the building 
ranged from 25% (the normal operating conditions) to 87% during the test 
condition. The percentage given is the percentage o f  outside or fresh air 
brought into the building compared with the recirculated air. When conditions 
were returned to then previous level, the symptoms and complaints returned.
NIOSH (1987) reported that in 50% o f  356 building investigations, inadequate 
ventilation was thought to be a cause o f  SBS. Valbjom et al (1990) found 
similar results.
Bulge et al (1990) examined buildings using a method o f  paired comparisons 
between relatively healthy and sick buildings, hi total 6 buildings were 
examined 2 in the ventilation categories o f  2 variable air volume systems, 2 air- 
water air-conditioning systems and 2 naturally ventilated buildings. It was 
found that the 4 air-conditioned buildings had higher ventilation rates than the
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naturally ventilated buildings. In comparing sick and healthy buildings it was 
found that the air-conditioned buildings classified as sick were cooler and more 
humid than their comparison but the 'sick' naturally ventilated building was 
warmer and drier than its paired comparison.
In studies where ventilation rates have been changed the results are as follows. 
Sundell et al (1991) found that when examining 3 groups o f  symptoms, 
(mucous membrane, skin and general symptoms) in 4 types o f  building, the 
symptoms were lower in the buildings with the higher outdoor air supply. 
Berglund et al (1988) examined a building where different recirculation rates 
were used during different times o f  the year, hi the autumn, there was no 
recirculation o f  air and in the winter, 76% o f  the air was recirculated. 
Although levels o f  indoor pollutants were increased during winter, there were 
no differences in the level o f  reported symptoms.
Jaakkola et al (1990) found in a comparison o f  75 office workers that 
ventilation rates o f  251/s/person for a week showed there were no differences 
in symptoms that were reported or perception o f  air quahty compared to a 
week where ventilation was 61/s/person and 70% recirculation,
Menzies et al (1993) studied 4 buildings and during 3 two week periods 
manipulated ventilation rates to either 14 1/s/person (0.85m3) or 30 1/s/person 
(1.8m3). The ventilation rates were manipulated so that within each block o f  2 
weeks, the ventilation rate was increased for one week and decreased the 
following week. During the study period 1546 (84%) o f  staff completed 
questionnaires each week and environmental data were also collected. The 
results found that increasing outdoor air supply into the buildings did not affect
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symptoms reported or perceptions o f  air quality. The results may not be 
surprising as the initial ventilation rate was already high.
The research is therefore conflicting but it does appear that changing the 
amount o f  fresh air entering a building will not necessarily contribute any 
positive effects as far as SBS is concerned. There does however need to be a 
lower limit on fresh ah entering a building as a method o f  pollution reduction. 
This may give a clue to why research has not found a difference in symptom 
prevalence and ventilation rates as the initial ventilation rates may be high 
enough to prevent pollution and increasing ventilation, abeady at a high level, 
will show no effect.
Air-flow in a building can also be a source o f  problems. Recommendations 
include rates o f  air-flow and are shown in Table 1.6.
Table 1.6 Recommended Rates of Air-FIow
Source Recommended-Air Flow
CIBSE 0.1-0.3 m/s
BS7179 0.25 m/s
ISO 7730-1984 <0.15 m/s
Air-flow or velocity which is too fast will cause drafts. The ISO has defined a 
draught as unwanted local body cooling caused by ah movement (ISO DIS 
7730 1992). Draughts were found to be the most annoying factor in offices 
Bolinder (et al 1970 cited Fanger & Christensen 1986) Houghton (1983) 
exposed subjects to draughts at the back ofthe neck and Fanger and Pederson 
(1977) exposed subjects to draughts at the ankles. The common response 
from both studies was that fluctuating ah velocities were more o f  a problem
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than air velocities which remained constant. For personswearing normal 
indoor clothing, the head region was found to be the most sensitive body part 
to draughts (Fanger & Christensen 1986)
Fanger et al (1987) found that when people were complaining o f  draughts it 
was not only due to air-flow but also to turbulence in the air movement. 
Mayer & Schwab (1988 cited Raw 1992) suggested that air-flow should be 
less than 0.3 m/s and turbulence should be low at less than 5% and move from 
ceiling to floor.
Raw (1992) suggests a number o f  reasons why draughts can cause problems in 
buildings.
1. The occupants did not expect air movement
2. The air distribution is incorrect due to incomplete commissioning.
3. The building was occupied before the plant was fixlly commissioned.
4. The control system is not adequate
5. Improper maintenance
6. The complainant is not part o f  the normal distribution for satisfaction.
What is clear however is that moving people and equipment around in a 
building can disrupt air movement, create dead air spaces and cause problems 
with draughts. In buildings where air-conditioning grilles are placed by 
windows, it is often too easy to cover grilles with papers and files. The use o f  
low level partitioning can improve privacy but can also again disrupt air-flow 
patterns.
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A number o f  researchers have suggested that SBS symptoms are caused by 
indoor ah pollutants. There are a whole variety o f  pollutants which can be 
found in the office environment. The sources o f  the pollutants also varies 
widely and include the building occupants, furnishings, building materials and 
the ah-conditioning system.
The sources o f  indoor pollutants are many and have been summarised by a 
number o f  authors. Levin (1989) listed a number o f  building and furnishing 
materials which could give o ff indoor pollutants; these are shown in Table 1.7. 
Other authors have also collated information on sources o f  contamination, 
however for this thesis it is more appropriate to examine the effects o f 
pollutants if split into the categories o f  environmental tobacco smoke, volatile 
organic compounds, simple gases and biological contamination.
1.4.4 Indoor A ir  Po llu tio n
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Table 1.7 Materials that Could Cause Problems in the Office
Environment
Site Work and Foundations Insecticides and other soil treatments 
Waterproofing especially petroleum derivatives
Structure and Envelope Wood Preservatives
Concrete sealers, curing agents
Caulking
Sealants
Joint fillers, gaskets 
Glazing compound or gaskets
Insulations Thermal Insulation 
Fire Proofing 
Acoustic insulations
Interiors and Finishes 
Subfloor 
Flooring Systems
Partitions
Furnishings
Ceiling Systems
Underlayment (particle board, plywood, chipboard
Flooring or carpet adhesives
Carpet backing or pad
Carpet or resilient flooring
Wall coverings
Adhesives
Paints, stains, wood preservatives 
Textiles
Composite wood products (particle board, 
plywood, hardboard, chipboard 
Ceiling Tiles 
Panels
H V A C  Systems
Duct Insulations 
Duct Sealants 
Chemicals
Condensate pan insulation
Cooling tower water treatment 
Boiler water treatment 
Humidifier water treatment
Levin (1989)
Chemical Sensitivity has also been suggested as a possible outcome o f  working 
in a "sick" building. Rea (1992) defines chemical sensitivity as an adverse 
reaction to low levels o f  toxic chemicals which are contained in ah, food and 
water and the symptoms include allergic reactions but the reaction is dependent 
upon where in the body the chemical is acting. At present the mechanism 
underlying chemical sensitivity is only understood at a very general level. It is 
hoped that in future a more thorough investigation o f  chemical sensitivity will 
allow a better understanding o f  the principles involved. What is not clear is
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whether or not this type o f  reaction is contributing to symptoms o f  SBS. 
There are allergic components reported as part o f  SBS such as watering or 
itchy eyes and runny nose and these symptoms can be brought on by exposure 
to many different chemicals, however what is not apparent is the relationship 
between very low levels o f  indoor pollutants and SBS. This subject should be 
investigated more thoroughly.
1.4.4.1 Environmental Tobacco Smoke (ETS)
Over 400 chemicals are produced from burning tobacco including for example 
- Carbon Dioxide, Airborne Particulates, Hydrogen Cyanide, Nitrogen Oxides, 
Ammonia, Formaldehyde, Acrolein, Phenols, Aromatic Hydrocarbons, 
Polyaromatic hydrocarbons and Nitrosamines (Proctor 1988).
Tbe NRC (1986) found that working in a smoky environment is unpleasant and 
irritating to non-smokers. It would also seem apparent that allowing people to 
smoke in the office environment will increase the levels o f  airborne 
contamination, however what is not clear is the possible relationship between 
SBS and ETS.
Sterling et al (1987) examined NIOSH and CISD reports o f  350 building 
investigations. The result from this work was that lower levels o f  
contamination were found where smoking was allowed which possibly will not 
affect the prevalence o f  SBS symptoms. However as ventilation rates were not 
mentioned in this report, this could be due to the differing rates o f  ventilation 
rates as ASHRAE (1981) recommend rates o f  7.51/s/person in smoking areas 
as compared with 2.51/s/person in non-smoking areas.
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W ilson &  Hedge (19 8 7) found that people exposed to E T S  had a higher 
prevalence o f symptoms than those who were not exposed to E T S . T h is was 
also the case w ith research by Jaakkola et al (1990).
The data from  the B U S  study w as further analysed and it w as found that E T S  
was more significant in  naturally ventilated buildings (Robertson et al 1988). 
Raw  (19 9 2) suggests that this m ay be due to other contributory factors being 
less obvious.
Hedge et al (19 9 1) examined the effects o f different sm oking policies in  18 
private sector air-conditioned offices. The results found that w ith 5 different 
policies -  including non-sm oking and restricted smoking -  the effect on the 
com plaint levels o f S B S  was not significant. W hat was found in  the study was 
that levels o f pollutants were higher in areas where sm oking was allowed.
Zw eers et al (1990) found that certain symptoms -  nose and throat -  were 
higher amongst smokers. W hat was not found in this study was that passive 
sm oking had an effect on symptoms. U rch et al (1990) found that headache 
and nose symptoms were correlated w ith exposure to E T S  in  non-asthmatics.
H aw kins &  W ang (19 9 1) carried out a study o f 15 buildings. The buildings 
consisted o f 6  naturally ventilated, 8 air-conditioned w ith hum idification and 1 
m echanically ventilated. O nly 2  o f the air-conditioned buildings allowed 
smoking. Com parison between the buildings found that sm okers complained 
o f more symptoms than non-sm okers.
The inform ation that we have at the present time is  inconclusive, however as
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more and more companies are introducing no smoking policies, it is  hoped that 
this is  one factor that w ill not need to be assessed in  future.
1.4.4.2 Volatile Organic Compounds
V o latile  O rganic Com pounds (V O C s) are compounds w hich easily evaporate 
at room  temperature e.g., formaldehyde. Estim ates o f the number o f possible 
V O C s  in buildings in  the range o f 50 to 300 different compounds (M olhave
1990).
The sources o f V O C s  are numerous and have been summarised by Appleby
(1990).
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Table 1.8 Sources of Organic Compounds in  the Office Environm ent
Chemical Potential Source
Acetone Lacquer solvent, tobacco smoke
Benzene Tobacco smoke, adhesives, spot cleaners, paint remover, particle 
board
2-Butanone (MEK) Caulking, particle board, floor & wall coverings, fibre board, 
tobacco smoke
Carbon Tetrachloride Grease cleaners
Chlorobenzene Paint solvent, DDT, Phenol
Chloroform Clothes washing
Ethylbenzene Floor/wall coverings, insulation foam, chip board, caulking, 
jointing, fibreboard, calcium silicate sheet, adhesives, lacquer, 
grease cleaners
Methylene Chloride Paint removers, aerosol finishers
Styrene Insulation foam, jointing, fibreboard, tobacco smoke
Perchloroethylene Dry cleaning
Toluene Adhesives, sealing tape, wall paper, jointing compound, calcium 
silicate sheets, floor covering, vinyl, caulking, paint, paraffin stoves, 
tobacco smoke, grease cleaners
1,1,1 T richloroethane Cleaning fluid, dry cleaning, correction fluids.
Trichloroethylene Paint solvents, grease cleaners
Xylene Adhesives, jointing, wall paper, caulking, floor coverings, lacquers, 
grease cleaners, shoe dye, tobacco smoke
Hexane Floor covering, wall paper, chipboard, gypsum board, insulation 
foam, tobacco smoke
Heptane Floor covering, varnish, kerosene stoves
Ethanol Fibreboard, solvents, tobacco smoke
Ethyl acetate Linoleum, varnishes, perfume, artificial leather
Cyclohexane Tobacco smoke, lacquers, resins, paint removers
n-Nonane Wall paper, caulking, floor covering, chipboard, adhesives, cement, 
jointing, floor varnish, kerosene stoves, floor wax
n-Decane Floor adhesive, floor wax, wood stain, polyurethane, room freshener
n-Undecane Wall paper, gypsum board, floor/wall coverings, jointing 
compounds, chipboard, floor varnish, paint, paint removers
n/i-Butane Edge sealing tape, jointing compound, linoleum, floor lacquer, 
cleaners, paint removers, tobacco smoke
Appleby 1990
Solvents sucli as acetone or toluene can cause headaches and dizziness as w ell 
as irritation to the eye and throat in high concentrations (M orris 1987). Such 
solvents are used in  products such as correcting fluids, adhesives and felt-tip 
pens.
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Johnsen (et al 1990) carried out a comparative experiment in  a clim atic 
chamber and found that when subjects were exposed to particleboard, nylon 
carpet w ith rubber matting, rubber floor covering and painted w allpaper on 
gypsum  board, it was found that tear film  in  the eye was affected by exposure 
to V O C s  from  these sources. A  control group was also used without any o f 
the m aterials in the chamber and there was no effect. Although the study 
points to potential effects o f V O C s  on ocular irritation, it does not provide 
evidence that the same effect w ould he found in  a large open-plan office.
One o f the most frequently assessed chem icals in  S B S  is  formaldehyde as there 
are a large number o f sources in  the office environment. M eyer (1984) found 
that formaldehyde came from  certain floor tiles and furnishings. Raw  (19 9 2) 
reports sources o f formaldehyde such as urea formaldehyde foam  insulation, 
some pressed wood boards, carpets and E T S . The effects o f formaldehyde 
exposure are sim ilar to S B S  symptoms and can also cause activation o f the 
immune system (Broughton et al 1990). Johnson (1990) has also found that 
some people can become sensitised to formaldehyde. Rea (19 9 2) has 
produced evidence to support the concept o f hypersensitivity to formaldehyde.
The levels o f urea formaldehyde have been a cause o f some concern in some 
research. Kolm odin-Hedm an (1984) found that w ith exposure rates to 
formaldehyde o f 0.45 mg/m 3 during a w orking day, irritation o f the upper 
respiratory tract and lung function deterioration was caused. The levels of 
formaldehyde in  offices have been measured, (W H O  1982, M eyer 1984, 
Mathews et al 1984, W anner &  Kuhn 1984 and Dement et al 1984) and 
Finnegan et al (1984) found that peak values o f formaldehyde in the indoor 
environment were 2.8 mg/m3. Present control levels for formaldehyde are 2.5
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m g/m 3 (or 2  ppm) and this indicates that there could be a possible problems 
w ith this chem ical in  the office envir onment (Harrington and G ill 1992).
Other V O C s  found in  the w orking environment have included increased levels 
o f alcohol, due to plasticisers in  carpet backing (M cLaughlin &  Aigner 1990), 
adhesive in  latex backed carpets (B lack  et al 19 9 1) and parquet flooring that 
has been coated (Schriever &  M arutzky 1990).
The effects o f V O C s  on S B S  has been examined by a number o f researchers. 
Robertson (et al 1985) carried out a hygiene and health survey o f 2 buildings 
and measured levels o f ozone, C O 2 and formaldehyde and the prevalence o f 
S B S  symptoms. It was found that ozone readings ranged from  0 .0  to 1 .6  parts 
per b illio n  (maxim um  indoor concentrations for the threshold lim it value are 50 
parts per b illion). Carbon monoxide measurements ranged from  1 to 7 ppm 
(threshold lim it o f 50 ppm) and Formaldehyde measurements were below 
0.025 ppm. There were no significant differences between the two buildings 
and the levels o f chem icals in  the buildings and it was thus suggested that the 
thr ee chem icals measured were not contributing to S B S  symptoms.
T u rie l (et al 1983) carried out an extensive survey o f a building in San 
Francisco for 28 contaminants none o f w hich were above recommended safety 
levels; again however as only one building was studied there may be 
differences between different buildings and the build up o f chem icals and 
V O C s  in  different buildings.
Sterling (et al 1983) collated inform ation about average levels o f chemicals 
(including V O C s) that had been tested for in  116  surveys. The results w hich
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were summarised as averages are shown in  Table 1.9 . The results from  the 
study are surprising as in  urban areas it w ould be expected to find a number o f 
these chem icals such as nitrogen oxide from  traffic pollution. Ozone from  
photocopiers and printers can also be easily detected but this w as not the case. 
The study results summarised in  table 1.9  must be questioned as to whether 
correct measurement methods were used or if  calculating the averages o f 
results from  different buildings actually provides any valuable information.
Table 1.9 Average Levels o f 16 Pollutants
Pollutants All Buildings Number of 
Reports
Aldehydes N D 5
Am ines N D 10
Am m onia N D 8
A rom atic Hydrocarbons Trace 46
Carbon D ioxide 369 ppm 23
Carbon M onoxide 2.25 ppm 53
Form aldehyde Trace 40
Hydrazine N D 6
Hydrogen Sulphide N D 8
Hydrocarbons Trace 57
M etals N D 14
N itric  Oxide N D 25
Nitrogen D ioxide N D 1 0
Ozone N D 24
Particulates 0.28 mg/m 3 16
Sulphur D ioxide N D 16
Sterling et al (1983) ND=tested but not detected
Berglund, B . et al (1990) looked at symptoms occurring amongst library staff. 
The results found that as symptoms increased over the period o f a w orking 
day, there was a high level o f correlation between this and the levels o f V O C s.
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Skov et al (19 8 7) suggested tlie  use of'fleece factor' and 'shelf factor': where 
fleece factor is  the area o f m aterials such as carpet and curtains divided by the 
volum e o f the w orking area and shelf factor is  the length o f open shelving 
divided by the volum e o f the w orking area. The study found that both factors 
correlated highly w ith S B S  symptoms.
W allace et al (19 9 1) found in a year long survey period, that when a new 
caipet was introduced symptoms such as sore throats, dry throats and 
hoarseness increased in  frequency, however no association w ith V O C  levels 
was found. .
K jaergaard et al (199 0 ) carried out a laboratory test using a m ix o f 22  V O C s  
and 35 subjects. The subjects were split into 2 1  who were healthy and 14 who 
had previously been reporting S B S  symptoms. The levels o f exposure to the 
chem icals was 25 mg/m2 . It was found that the subjects who had complained 
o f S B S  symptoms had larger changes in  the subjective rating o f odour, air 
quality, performance and irritation o f the mucous membrane.
A n  interesting point about S B S  and the effect o f V O C s  is  that the h a lf life  o f 
V O C s  can be fa irly  short. Fo r example, Ekberg (19 9 1) found that levels o f 
V O C s  in  a new building reduced rapidly in the first 3 months. Baldw in &  
Farant (1990) found that levels o f V O C s  in buildings generally drops to a 
stable level after the period o f approxim ately 1 year.
The h a lf life  o f V O C s  does create problems when trying to relate levels o f 
V O C s  to S B S  symptoms. Although it is  known that certain V O C s  cause 
specific symptoms in  people, it cannot explain why buildings that are 10 to 30
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years old are suffering from  S B S  -  unless o f course refurbishment has 
occurred. Despite that there is  sufficient evidence that indicates that S B S  may 
at least in  some part be caused by V O C s.
Sterling &  Sterling (19 8 3) hypothesised that photochem ical smog could be 
produced in  the office environment. It was suggested that the smog is created 
by the recirculation o f air and the presence o f ozone as a catalyst in creating 
photochem icals. It w as thought that ultraviolet em issions from  fluorescent 
lighting were accelerating the process. There has however been no proof to 
corroborate this theory especially as smog form ation requires shorter 
wavelengths and greater intensity o f light than that emitted by fluorescent 
lighting.
Chem ical 'sinks' have also been suggested as a contributory factor. W hat this 
term means is  that certain m aterials can absorb and then discharge (desorb) the 
chem ical into the atmosphere. Research has included an examination o f 
cleaning substances and these were found to be a source o f V O C s  (Gebefuegi 
&  Korte 1990). Other m aterials have also been examined by K jae r &  N ielsen
(19 9 1) where w ool was found to absorb more than nylon using the chem icals 
toluene and butoxyethanol. It was also found that the w ool had not reached 
total desoiption in  any o f the tests.
In  conclusion the research again is  not clear on whether or not V O C s  are the 
explanation for S B S  symptoms. In  studies w hich have examined the role o f 
V O C s  and other indoor pollutants, there has been no precise answer as to any 
specific chem icals are capable o f causing the set o f S B S  symptoms. Hedge et 
al (1986), Skov et al (19 8 7) and Robertson et al (19 8 5) found no relationship
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between tbe pollutants present in  buildings and tbe level o f symptom 
complaints.
A  number o f important points were raised by Ticbenor (19 9 2) when examining 
sources and sinks. F irstly  that any guidance on emissions is  generally related to 
one compound and in  the indoor environment there can be any number o f 
complex chem icals interacting. Data on health effects does not exist for a ll the 
possible V O C s  and thus it is  im possible to state whether or not they are 
contributing. To  overcome these problems a lot o f w ork still has to be carried 
out on V O C s.
1.4.4.3 Simple Gases
Sim ple gases such as carbon dioxide, ozone etc. have certain known health 
effects. Carbon M onoxide in  large doses can cause dizziness, headache and 
lethargy (M orris 1987). Th is chem ical is  found in the indoor environment from  
tobacco smoke and from  traffic exhaust fumes brought in  from  outside. Ozone 
is  also present in  the office environment from  sources such as photocopiers or 
laser printers. T h is chem ical can cause symptoms such as headaches, nausea 
and nose and throat irritation (M orris 1987). Carbon dioxide (C O 2 ) at high 
concentrations can cause headache and lethargy (Raw  1992). W hat is  unclear 
is  what the relationship is  between gases such as these and SB S .
In  sealed buildings the level o f carbon dioxide can be raised quite high and 
levels o f 1800 ppm have been reported by Jansen &  H ill (19 8 2). Occupational 
exposure lim its are presently 5000 ppm, a level that has not been reported in 
office environments.
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Research to examine the lin k  between S B S  and indoor gases has included a 
variety o f approaches and different chem icals. Fanger (198 8 ) noted in  a study 
o f 2 0  office buildings that there was no correlation between C O  and C O 2  
levels and occupants perceptions o f air quality.
Ozone has also been m onitored in  buildings and in one study by Taylo r et al 
(1984). T h is was found to be linked to symptoms. Skov et a l (1989) found 
that symptoms were associated w ith w orking w ith photocopiers. Sykes (1989) 
in  an H S E  report did not find pollution levels in  photocopying rooms to be 
high and discounted ozone as a m ajor cause o f symptoms.
The method o f m onitoring indoor C O  and C O 2  levels has been used as a 
m arker for other indoor pollutants. The use o f m arker gases for example C O  
and C O 2  are not necessarily accurate indicators o f other pollutants w hich may 
be related to S B S . The use o f m arkers for assessing S ick  B uild ings is  therefore 
lim ited in value.
Although there are many chem icals present in the office it is  not yet clear what 
relationship there is  between the chem icals and the S ick  B uild ing Syndrome. A  
number o f studies have been carried out to examine levels o f indoor air 
pollutants. None o f the measurements taken were higher than industrial 
standards but this does not necessarily mean there is  no effect on people. Th is 
does raise the question as to whether industrial standards are appropriate for 
use in the office environment. O ffices are generally sm aller, more enclosed and 
closely controlled w orking environments. Industrial standards also do not 
take into account the question o f hypersensitivity.
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B io lo g ica l contam ination includes viable and non-viable organism s sucb as 
bacteria, spores, m oulds, pollens, viruses, bacteria in  hum idifiers etc., and some 
authors have attributed these as causing S B S  symptoms (Robertson 1988). 
M ost recently there has been m uch concern over hum idification and the growth 
o f m icroorganism s in  the water system. How ever the relationship between 
biological contaminants and S B S  has not been com pletely clarified. Increased 
awareness o f water quality issues, w hich follow ed scares w ith Legionella, has 
im proved the management o f hum idification systems.
H um idification has been examined as a source o f problems, W ilson &  Hedge 
(19 8 7) found that the use o f non-steam  hum idification w as linked w ith SB S 
symptoms. A s reported in  section 1 .1 , a number o f researchers have found 
lin ks between hum idifiers, S B S  and B R I. W hat is  not clear is  whether 
hum idification systems are actually a cause o f SB S . It is  quite possible to find 
S B S  symptoms o f eye, chest and skin complaints in  buildings without 
hum idifiers (Finnegan et al 1984).
M icroorganism s have also been attributed as a cause o f S B S . Elixm ann et al 
(199 0 ) suggested that filters -  w hich can reach high levels o f moisture content 
and hence support the growth o f m icroorganism s -  were causing SB S 
symptoms in  a hospital. Nevalainen et al (1990) found that when comparing 
different buildings that those without w ith a higher prevalence o f complaints 
had higher levels o f airborne fungal spores. M ainville et al (1988) found that 
extreme fatigue and other S B S  type symptoms was caused by m ycotoxins from  
m ould growth. Tam blyn et a l (19 9 1) found that decreasing ventilation in 4
1.4.4.4 Biological Contamination
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buildings caused an increase in  fim gal spores in  3 o f the buildings, however 
there was no connection found between fungal spore count and symptom 
occurrence. Thus again it is  unclear what the relationship is  between fungal 
contamination and S B S  symptoms.
D ust in  furnishings has also been attributed to causing S B S  symptoms. 
Graveson et al (1990) found a correlation between office cleaning, organic dust 
and S B S  symptoms. Leinster et al (1990) and Raw  et al (19 9 1) found that 
using different approaches to cleaning, cool shampoo, steam cleaning and a 
control, that there was a 4 0 %  reduction in  reported symptoms using steam 
cleaning. A s Raw  (19 9 2) points out this is  a reduction from  4.2 to 2.5 
symptoms per person in  the building. Raw  also points out that the steam 
cleaning used caused a decrease in  dust mites w hich raises the possibility that 
dust mites contribute to S B S  symptoms.
In  conclusion there is  no simple answer to the S B S  problem ; however 
b iological pollutants clearly have the potential to contribute to the observed 
symptoms.
1.5 Electromagnetic and Atmospheric Electrical Factors
There has previously been much concern over the effect that using V D U s can 
have on health. Reports have included scares o f radiation, m iscarriages, facial 
erythema and cataracts but these havebeen refuted by W H O  (19 9 3 )o Although 
V D U s do have a low  intensity V L F  magnetic field and a low  equivalent 
electrostatic potential on the screen, a ll effects have been discounted (Naism ith
19 9 1)
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There have been a variety o f claim s made about negative air-ions in the 
w orkplace. Krueger and Reed (19 76 ) suggested that negative ions act as a 
catalyst to remove trace gases in  the atmosphere, also affect the dispersal 
patterns o f aerosol bound m icro-organism s as w ell as k illin g  m icro-organism s.
The effects o f negative ions and S B S  symptoms has been examined by a 
number o f researchers. Finnegan et al (19 8 7) studied 26 subjects in  5 different 
offices examine S B S  symptoms, air quality and the effects o f negative ions, 
however the use o f ionisers did not cause a change in  reported symptoms.
D aniell (19 9 1) found that when using negative ion generators in  a double blind 
cross over study in  two buildings that although in itia lly  reported symptoms 
decreased this did not continue and seemed to indicate a placebo effect. It was 
also found that there were no detectable changes in  airborne particulate levels, 
or carbon dioxide levels.
Haw kins &  M orris (198 4) repeating w ork carried out by H aw kins (19 8 2) 
w hich found that negative ions had a beneficial effect on S B S  symptoms could 
not repeat the in itia l results in  a different building. Finnegan et al (19 8 7) found 
higher negative ion concentration in  a "sick building". T h is suggests that 
negative ions m ay be o f little help in  preventing SB S.
Skin  symptoms have also been reported as a symptom o f S B S  e.g. erythema or 
facial dermatitis (Stenberg 1987, W ahlberg &  Linden 1988, Matsunaga et al 
1988 and Berg 1988). There has however been no clear explanation o f why 
skin symptoms should be linked w ith S B S . There has been some suggestion 
that the skin symptoms are linked w ith V D U  use (Tjonn 1984) but this is  still
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under debate. Hoog and Erikso n (19 9 3) in  the O ffice Illness Project in  
Sweden found that in  a case control study o f 75 cases, skin symptoms among 
V D U  w orkers were increased among staff who had higher w orkload levels, 
and a lack o f social support and social relationships.
W ilson &  Hedge (19 8 7) found that those who worked longer w ith V D U s had 
more symptoms than others. It is  not so simple as to state that the V D U  is 
causing the symptoms rather other factors are confounding such as length if  
time sitting at w ork and being trapped in  the w orkplace for example spending 6 
to 7 hours per day w orking at a V D U .
1.6 Lighting
Indoor lighting has been a cause for concern for a number o f reasons. F irstly  
there have been debates about how much lighting is  adequate for carrying out 
tasks. Secondly the effects o f different quality o f lighting and the effect if  
flicker fio m  fluorescent lighting. T h ird ly  the introduction o f V D U s into the 
office environment has caused a re-think into what type o f lighting is  suitable 
for w orking w ith V D U s. The final issue is  the question o f windows in  offices 
and how the lack o f w indow s and natural light affects staff in  this environment.
Different countries have different recommended lighting levels in  offices. 
C IB S E  (1984) recommend that in  general office environments an illum ination 
level o f 500 lux should be aimed for and in  deep plan offices 750 lux. C IB S E  
(1989) recommend levels o f between 300 to 500 lux for offices where V D U s 
are in  use. B S 7 17 9  (1990) recommends an illum ination level o f between 300 
and 500 lux. There are thus inconsistencies in  the recommendations for
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lighting levels in  the modem office. The IE S  (19 9 3) recommend an 
illum ination level o f between 500 and 1000 lux for general office lighting. The 
Germ an D IN  (19 7 2 ) standard recommends a level o f 500 lux.
Benz et a l (19 8 3) found that 4 0 %  o f V D U  operators preferred lighting levels 
o f 2 0 0  to 400 lu x and 4 5 %  preferred lighting levels o f 400 to 600 lux. V an  der 
Heiden (198 4) found that m any V D U  users switched o ff lights, drew blinds or 
removed fluorescent tubes. T h is infers that people want to take more control 
over their environment to reach a level o f lighting suitable to themselves, and 
that most V D U  users prefer low er levels o f illum ination than w ould be 
recommended for general office work.
Lighting levels in  offices have been suggested as a contributory factor to S B S  
(C o llin s et a l 1989), although association is  suggested only w ith eye and 
headache symptoms.
Sterling &  Sterling (19 8 3) changed lighting and ventilation levels in  an office 
environment to see if  this could affect the number o f com plaints. It was found 
that by changing fluorescent lighting and ventilation rates the number o f 
com plaints decreased. W hat is  not clear from  this piece o f research is  what 
caused the improvement -  lighting or ventilation. It was suggested by the 
authors that lighting was a contributory factor to SB S .
Robertson et al (1989) compared 2 buildings, one air-conditioned and one 
naturally ventilated. Factors used for comparison included lighting levels, 
dissatisfaction w ith lighting and complaints o f headache and lethargy at work. 
Their results found that there were significantly more com plaints o f headache
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and lethargy and dissatisfaction w ith lighting levels in  the air-conditioned 
building. W hat is  not evident from  the study is  whether this is  due to lighting 
or other factors Le. the building being air-conditioned. Another relevant factor 
in  the study was that due to sm aller w indows and low er illum ination levels in  
the air-conditioned building, glare indices were much higher. G lare indices are 
calculated using a num erical index w hich enables any discom fort glare from  
lighting to be ranked in  order o f severity and quantified. A n y problems w ith 
lighting could lead to additional problems for staff w hich m ay be contributing 
to general discom fort in  the workplace.
C o llin s et a l (198 9 ) carried out a large study in  the U S A  to examine lighting 
quality, control over lighting and the concept o f v isu al health w hich included 
examining trouble w ith focusing the eyes and eye irritation. The research 
found that out o f 9 12  w orkstations, visu al health was closely correlated with 
the quality o f the lighting and as one o f the symptoms examined was an S B S  
symptom there m ay be a lin k  between lighting and the eye problem s o f SB S.
V isib le  flicker from  fluorescent lighting is  known to be very irritating to those 
w orking in  such conditions. There has also been the suggestion that invisible 
flicker from  fluorescent lighting can be sensed by the retina and can cause 
problems. E yse l &  Burandt (1984) found that the nerve cells o f the visu al 
pathways were stimulated by pulsating light from  a fluorescent tube. Berman 
et al (19 9 1) found that the brain shows response to stim ulation from  electric 
light that appears w ith no flicker. Grandjean (1959 cited 1987) found that 
headaches and visu al fatigue were increased and performance decreased on fine 
assembly tasks w ith subjects w orking under single fluorescent tubes. 
Grandjean (19 8 7) suggests the use o f two fluorescent tubes that are phase
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shifted w ill supply a more constant lum inance without invisib le flicker.
D ifferent types o f lighting have also been examined as part o f S B S  survey 
w ork. Hedge (19 9 1) found that when comparing lensed-indirect lighting with 
parabolic lighting there were fewer eye symptoms under the lensed-indirected 
condition.
W allace et al (19 9 1) found that glare was correlated closely w ith symptoms o f 
headache, fatigue and eye symptoms in  a survey o f 3 buildings. It was also 
suggested from  the study that symptoms such as neck and shoulder pain, 
headaches and eye irritation could be reduced by reducing glare in  the w orking 
area.
W ilk in s et al (1988) found that by using a high frequency ballast w ith 
fluorescent lighting headaches and eye strain were decreased. The research 
w as carried out in  a government office and a double blind cross over design 
w as used. Thus there is  perhaps a problem  with the use o f ordinary fluorescent 
lighting without a high frequency modulator. Other w ork carried out has 
included the use o f D aylight tubes w hich w ill be examined in  greater detail in 
chapter 4 where the literature on this w ill be examined.
The question o f w indows in  the office environment is  one w hich has been 
around since before the problems o f SB S . Buildings w ithout windows were 
often associated w ith com plaints from  staff^ for example, not being able to see 
what the outside weather is  like. R uys (1970  cited Sundstrom  1986) examined 
w indow less offices and 8 7 %  o f those questioned w ould have preferred to have 
w indows and 4 7 .5 %  thought that having no windows was affecting their
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health. C o llin s (19 76 ) suggested that without w indows there is  a lack o f 
sensory variety, air movement and v isu al variety.
C o llin s et al (198 9 ) found that people who worked beside w indow s were more 
satisfied w ith the lighting quahty than those who did not w ork close to 
daylight. The B U S  group found that symptoms were increased in  certain 
buildings but other factors in  the buildings included poor illum ination, low  
illum ination and tinted w indows (W ilson &  Hedge 1987, W ilso n et al 1987). 
T h is w ould indicate that it is  not only windows that are required but preferably 
non-tinted windows
The creation o f photochemical smog has been suggested by a number o f 
authors. (D im m ick &  A ckers 1969, Sterling &  Sterling 1983, Ferahrian 1984, 
Hansen &  Andersen 1986). The theoiy is  that u ltra-vio let light from  
fluorescent lighting acts on the chem icals produced in  buildings with ozone 
acting as a catalyst to produce irritant photochem icals from  the smog. There 
has been no pro of to corroborate this theory especially as smog form ation 
requires shorter wavelengths o f light and more intense light than that emitted 
by fluorescent lighting.
In  conclusion there is  some indication that light may affect certain S B S  
symptoms such as headaches and eye irritation and it is  known that windows - 
or lack o f w indows -  affects peoples perceptions o f the environment. W hat is 
still unclear however, is  whether lighting in  the office environment is  a m ajor 
cause or a m inor contribution to the S ick  B uild ing Syndrome.
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Sound is a form  o f vibration w hich can be perceived by the ear. Sound travels 
in  an elastic m edium  such as air. Because sound is  a vibration it's 
measurements are usually analysed in  terms o f frequency (hertz H z) and sound 
level pressure, (decibel dB). Hum ans who have no hearing damage can hear 
in  the range o f 15 H z  to 15000 H z  but this does differ due to age.
N oise is  defined as any unwanted sound or as Burrow s (196 0) stated "that 
auditory stim ulus or stim uli bearing no inform ational relationship to the 
presence or completion o f the immediate task"
The effects o f w orking in  noisy environments in w hich hearing loss may be a 
risk  have been w ell documented. W orking in  quieter environments where 
noise w ill have different effects has not been as w ell researched. The main 
problems in  the office environment are factors such as disruption o f 
com m unication and inability to m aintain concentration. Recommended noise 
lim its in  the office environment have been suggested by C IB S E  and B S 7 17 9 . 
B S I ((6 ) 1990) recommends that where people have to concentrate, noise 
levels should not exceed 55 d B A  and for other areas, 60 d B A  (B S  1990).
Grandjean (19 8 7) found that for a voice to be understood clearly, background 
noise levels should not be above 60dBA, this however w ill depend on the 
nature o f the disturbance. Often in  the office situation this noise level can be 
reached and exceeded by the use o f printers, air-conditioning and other office 
equipment. The nature o f the noise is  also a factor in  how much irritation is 
caused. Loud intermittent unexpected noises are more irritating than noises 
w hich are regular.
1.7 Noise
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Raw  (19 9 2) examined the concept o f infra-sound w hich is  sound waves 
beneath the hearing frequency o f humans (less than 2 0  H z). Infra-sound at 
levels above 120  dB can produce nausea and dizziness. Ising et al (19 8 2) 
found that low  frequency sound in  the near to audible region produced a 
response o f the subjects. The responses included agreeing to statements such 
as "I feel in  need o f rest" and "I need some peace".
Raw  (19 9 2) states that any surveys linking S B S  to infra-sound have been 
unsuccessful and thus does not lin k  any o f the symptoms w ith noise levels.
W hat is  clear is  that noise levels are not directly linked to S B S . How ever noise 
levels that are causing dissatisfaction m ay create negative perceptions o f the 
general environment, and increase stress levels w hich m ay be a contributory 
cause o f SB S .
1.8 Psychological Factors and Occupational Stress
There have been some who have thought that S B S  was psychologically 
induced or a hysterical reaction. V ario u s pieces o f research have found that 
this is  not the case. There is  no doubt that there is  a physical component o f 
S B S  but psychological factors m ay also contribute. B aker (1989) has 
examined the difference between S B S  and mass psychogenic illness or hysteria 
symptoms. Some definitions he has created include the term  crisis buildings or 
buildings where an event triggers awareness o f a problem  in the building. Th is 
problem  can be a very m inor event such as eye irritation from  solvents, but it 
causes people to become more aware o f their own health. T h is awareness can 
create a crisis o f concern where everyone can describe symptoms that they 
have had recently and individually. Baker describes this as convergence.
47
S B S  and buildings in  crisis have been described by some as mass psychogenic 
illness. B aker (198 9 ) suggests that this is  not the case as the underlying 
aetiologies are different. The factors involved in  building crises are described 
in  the previous paragraph. M ass psychogenic illness differs in  the follow ing 
w ays: F irstly  mass psychogenic illness usually has a very quick onset period o f 
a few hours or days. C ris is  buildings can however take months to reach the 
point o f crisis. The reactions o f people in  crisis buildings is  usually one o f 
concern about the safety o f the w orking environment, leading to non-specific 
symptoms. The health com plaints w ith mass psychogenic illness are usually 
anxiety related and include hyperventilation, nausea, dizziness, faintness, 
weakness and headaches.
Although some o f these symptoms can be observed w ith S B S , the source is  
usually different. The outcome o f these problems in  crisis buildings is  that 
employees realise that they are suffering sim ilar symptoms. T h is also occurs in 
the case o f mass psychogenic illness but end up w ith what Baker calls 
contagion, i.e ., the spread o f behaviours from  group to group w ithin the 
building. T h is is  more o f a change o f psychological behaviour than a change o f 
social behaviour as is  apparent in  S B S .
Although the two types o f problems are sim ilar the differences between the 
two should be apparent to anyone investigating. M ost people at w ork who are 
unw ell w ill no doubt talk to others about their symptoms, therefore there w ill 
be a "contagion" effect. T h is does not mean that S B S  is  a ll in  the mind and 
com parisons between different buildings seems to indicate that because o f 
sim ilarities in  results, S B S  does have cause - be it physical or psychological.
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Stress at w ork has recently received a lot o f attention. Stress w as defined by 
Selye (C o x 1978) as "a reaction o f the organism  to a threatening situation". 
O rig inal research by Selye (1956 cited C o x 1978) documented the General 
Adaptation Syndrome about how  humans react to stressors (sources o f stress). 
O ccupational stress has only in  the last few decades examined how  we react to 
stress at w ork. From  in itia l research to examine stress in  white collar workers, 
it is  now realised that anyone in  any job can suffer from  stress at w ork 
(Sutherland &  Cooper 1988). There are also a number o f occupational stress 
m odels w hich try to examine how stressors and outcome (stress or strain) 
interact. (Sutherland &  Cooper 1988, Karasek et al 19 8 1).
Some research has been carried out to examine the affects o f stress at w ork 
and SB S . Co lligan (19 8 1) examined the effects indoor pollution had on 
people. From  his research and the theories o f Selye, he suggested that indoor 
pollutants or dry and stuffy air caused a reaction in  people. T h is reaction was 
an increase in arousal and anxiety i.e ., a stress reaction. Those people 
surveyed w ould then see the environment as a threat to health and cause 
discom fort to the individuals. T h is is  a very simple theory but m ay describe 
what is  happening.
C arlton-Foss (1984) examined the role o f the thermal environment and stress. 
T h is study suggested that individuals w ill react differently in  different 
environments. Certain personalities are more lik e ly  to com plain o f stress. In 
this study it w as found that some people were more lik e ly  to complain o f 
discom fort or illness at w ork and blame environmental factors whereas other 
people w ill not. W hat was an interesting outcome in  this study was that 
occupants' evaluations o f the thermal environment correlated more w ith
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personality measurements than environmental measures.
Exam inations o f occupational stress and building problem s have included a 
variety o f research. Karasek (et al 19 8 1) suggested a Jobs-Dem and Control 
model. T h is suggests that stress arises from  a lack o f control over the 
environment, i.e ., the w orking environment is  a constraint on individual 
behaviour. Exam ples o f this have included machine assem bly w ork that is  
paced, but today V D U  inputting tasks have sim ilar effects. T h is type o f task is  
usually short in  cycle and rig id ly  controlled. Thus w orkers have no control 
over then w ork rate and are constrained as to how fast they can work. 
Although job s can cause stress, the w ork environment can also be a source o f 
stressors.
L a ck  o f control over the w orking environment has also been suggested as a 
contributory factor for S B S  (W aller 1984). T h is research carried out in  an air- 
conditioned office found that symptoms were linked w ith dissatisfaction with 
the environment and lack o f control over the environment. W ilson and Hedge 
(19 8 7) also found a lin k  between lack o f environmental control and increased 
symptoms. L a ck  o f environmental control is  typified by inability to open 
window s, control temperature or adjust the lighting or noise levels for 
example.
P hysical environmental factors such as bad smells or stuffy environments can 
have a dual effect on people. F irstly  a direct effect may cause a physiological 
response or adaptation and this m ay lead to a psychological effect or 
behaviour. Th is indicates the com plexity o f environmental stressors at w ork as 
there can be any number o f environmental stressors, e.g. poor lighting, poor
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air-conditioning etc. w hich can be causing any number o f reactions or 
adaptations, leading to an increased stress level and w orsening the attitudes o f 
the w orkforce.
Hedge (1988) surveyed 6  office buildings but found that symptom prevalence 
was not linked to job  satisfaction, rather it was linked w ith self-reported job 
stress and negative perceptions o f the w orking environment. Hedge (1988) 
argues that self-reported w ork related illness are linked to dissatisfaction with 
environmental factors and job stress.
Stress theory suggests that m odifiers or coping mechanisms can alleviate some 
stress problems. There are a variety o f m odifiers but B aker (1989) suggests 
that w ith S B S  the most important m odifier is  social support. Fo r example if  
there is  a problem  at w ork w ith S B S  this should be openly discussed w ith staff 
so emotional or inform ational support can be given, thus lessening the impact 
o f the environmental stressors.
Pennebaker and W atson (1988) have theorised that S B S  symptoms are related 
to the psychological state o f negative affectivity. Th is is  suggested as self- 
reported stress and is  highly correlated w ith physical symptoms and negative 
mood states. The physical symptoms suggested by Hedge et al (19 9 2) include 
nasal congestion w hich is  strongly associated w ith S B S . Hedge et al (19 9 2) 
also postulate that the susceptibility o f a person to develop S B S  symptoms is 
related to the stress that they experience whether it is job  stress or the fear o f 
exposure to indoor pollution. T h is theoiy has not yet been corroborated.
51
W hat is  not clear is  to what extent psychological factors at w ork influence the 
prevalence o f symptoms. There is  obviously a lin k  between psychology and 
reported symptoms but it is  unclear at present how  m uch influence 
psychological factors play. There is  undoubtedly a psychological component 
but S B S  is  certainly not a solely psychosom atic phenomenon.
1.9 Individual Characteristics
Certain ind ividual characteristics such as gender and jo b  have already been 
identified in  section 1.3 . W om en were found to com plain o f more symptoms 
than men (W ilson &  Hedge 1987, Skov &  V alb jo m  1987, Skov et al 1987, 
Stenberg et al 1990, Sundell et al 19 9 1 and Sandstrom et a l 1990) but this is 
not conclusive as generally women report more symptoms than men, and more 
women than men are employed in  the clerical job s related to the w orkplaces in 
w hich S B S  is  most often obseived.
Job type has also been examined as a contributory factor o f S B S . W ilson &  
Hedge (19 8 7) found that the common factors w ith jo b  type are the follow ing. 
F irstly  the people who com plain most are lik e ly  to being routine sedentary 
w ork w ith some physical contact, they cannot escape from  the office, have 
poorer quality w orking conditions and no power to change any o f their 
w orking conditions. The Northern Sweden O ffice Illness Project found that 
women in  their study were found to have boring w ork, a poorer w orking 
environment, and again no power for change (Hoog &  E iik so n  1993). W hat is 
unclear from  this inform ation is  whether the w orking conditions are causing 
people to com plain more o f ill-health  or the fact that people who feel trapped 
in  their w orkplace a ll day are open more to physical contact w ith the 
envir onment and are thus being affected by the environment.
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Other health factors have also been examined by a number o f authors. W allace 
et al (19 9 1) found that symptoms were correlated w ith a history o f allergy. 
The Northern Sweden O ffice Illness Project found that people w ith a history o f 
asthma complained o f more symptoms than others. How ever again as asthma 
and allergy type symptoms are part o f S B S  then it must be difficult to assess 
whether the symptoms are S B S  com plaints or due to other factors causing 
symptoms. Fo r example asthma has a large psychological component w hich 
m ay act w ith other stressors i.e ., environmental, job  stress etc to increase 
symptoms.
Hedge et al (19 9 3) found that the reporting o f S B S  symptoms increases w ith 
increasing hours o f V D T  use, increased levels o f jo b  stress and decreased 
levels o f job  satisfaction. In  a study o f 4479 office staff, women were also 
found to report more symptoms than men. The reasons suggested include 
gender, perceived indoor air quality, levels o f job stress and low  levels o f job 
satisfaction m ay m odify how staff react to environmental stressors and thus 
increase their susceptibility. A t present no further research has been carried 
out to corroborate this.
In  conclusion it appeals that women, people in low er grade routine job s and 
those w ith previous health com plaints are more lik e ly  to com plain about S B S  
symptoms.
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The use o f questionnaires in  any research often causes problems. It is  not only 
questions o f definitions and what questions need to be asked but also the 
populations used. Oppenheim (198 4) found that where questionnaires w hich 
hold no special interest to respondents are distributed, the response rate is 
usually between 4 0 %  to 60 % .  Even where questionnaires do hold an interest 
for staff, response rates o f 8 0 %  are not usually surpassed (Oppenheim  1984). 
It is  often v e iy  difficult to get 10 0 %  o f respondents to complete questionnaires 
and problem s such as biased sam pling often occur if  only a 6 0 %  response rate 
is  achieved. It could mean that only those people w ith problem s relevant to the 
questionnaire have filled  out the form  and a random sample therefore not been 
obtained. These difficulties can o f course be overcome by careful sampling 
procedures.
A  number o f comments could be made about the use o f questionnaires in S B S  
research. These include a lack o f standardisation between questionnaires 
w hich m ay be leading to different results for different research groups. O ver­
reporting o f symptoms m ay occur depending on how the questions are asked 
e.g. did symptoms occur in  the last week, month or year; or are symptoms 
suffered never, sometimes or often. Questionnaires must therefore be drawn 
up w ith care to assess the prevalence and cause o f symptoms.
G uirguis et al (19 9 1) designed a more sim plified questionnaire w hich made for 
easier analysis. One concern about the sim plification o f questionnaires is  that 
although analysis can be made easier, valuable inform ation m ay be lost.
1.10 Th e  Use of Q uestionnaires
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In  any company, management w ould be interested in  bow m uch sickness is 
costing in  terms o f time lost and productivity. One o f the problem s w ith S B S  
is  that it is  not a life  threatening problem  and thus m ay not be taken seriously. 
T h is section aims to look at S B S  in  terms o f time lost, productivity and 
performance.
Studies o f time lost through S B S  have not been very easily carried out to date. 
Robertson et al (1990) used subjects as their own controls to examine changes 
in  sickness absence rates before and after a building change. The outcome o f 
the study was not clear as those who moved into air-conditioned buildings had 
a slight increase in  sickness absence and those who m oved into naturally 
ventilated buildings had a slight decrease in  absence rates. T h is m ay however 
suggest a problem  w ith air-conditioning in those buildings that were studied.
The symptoms o f S B S  themselves cause problems when examining absence 
rates. A s none o f the symptoms are m ajor then it is  unlikely that people w ill 
take certificated sick leave for them  A  second problem  is  that there may be an 
increase in  uncertificated sickness absence and people leaving halfw ay through 
the afternoon and often this sort o f inform ation is  not properly recorded.
The interaction o f S B S  and productivity has also been examined. Raw  (19 9 2) 
reported on a re-analysis o f data from  W ilson &  Hedge (19 8 7) w hich found 
that productivity had a strong linear relationship w ith the number o f symptoms 
reported. Thus buildings w ith more symptoms m ay be suffering a drop in 
productivity. It was stressed that subjects were asked to rate their own 
productivity w hich m ay affect the overall analysis. How ever Raw  (19 9 2)
1.11 Th e  Cost O f S ic k Bu ild in g  Syndrome
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m akes the point that i f  people believe productivity is  being affected, it w ill 
actually affect them at w ork: however he does recommend looking at this 
research as a relative measure.
H a ll et a l (19 9 1) questioned subjects on how often S B S  symptoms caused 
people to stay at home, leave w ork early and how much it reduced their ability 
to w ork. The results found that 3 6 %  reported that they felt symptoms reduced 
ability to w ork sometimes and 2 7 %  reported that the symptoms caused them to 
leave or stay at home sometimes. E ight percent found that they often had 
reduced ability to w ork and 3 %  that they often had to leave w ork or stay away 
from  w ork. Although the study was flawed in  the respect o f having to ask 
subjects h istorical data from  1 2  months previously, it does indicate that 
people's own perceptions are that S B S  has an affect on productivity and 
absence.
The effects o f S B S  and performance have been examined by Sterling &  
Sterling (19 8 3) and Berglund et a l (198 7). Sterling &  Sterling (19 8 3) found 
that when using T-cro ssin g and tremor tests there was no difference between 
control and test groups. Berglund et al (19 8 7) found that when testing 
reaction time, memory, stress, vigilance and steadiness that there was no 
significant difference between control and test groups. The problem s w ith both 
the studies include factors such as the tests used were not very relevant. In  the 
first study the subjects knew  if  they were in  a sick building or not and in the 
second study the subjects were paid volunteers who had had little exposure to 
the building as it w as not their norm al place o f work.
The overall effects o f sickness absence, productivity and performance are not
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easy to quantify but some estimates have been made as to the financial cost. 
R aw  (19 9 2) reports on an estimate o f 1 day per person per year being lost 
through reduced productivity and time lost and 1 hour per month per person 
for dealing w ith com plaints. T h is was calculated for a building with 2500 
employees and at 1990 pay rates the cost was estimated at £400 000. The 
House o f Comm ons Environm ent Committee (19 9 1) estimated that the cost o f 
S B S  in the U K  could be between £350 m illion and over £650 m illion.
In  conclusion this chapter has attempted to define what sick building 
syndrome is  as w ell as some o f the research w ork that has been earned out to 
examine the cause. It has shown that the number o f possible causal factors is 
numerous and the interactions between different factors adds additional 
problems. How ever it is  a real occupational health issue, and the personal and 
organisational costs can be high.
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2. A  Case Study of 
Tw o S ick  B uild ings
2. A  CASE STUDY OF TW O  SICK BUILDINGS
2 !  INTRODUCTION
T h is is  a report o f 2  buildings w hich were studied in  1988. The survey was 
carried out after com plaints in  the buildings had reached a level w hich triggered 
management concern. Both buildings had therefore been labelled as "sick" before 
the survey w ork was carried out.
B uild ing A  consisted o f 2 floors (floors 4 and 5) o f open-plan offices in  a larger 
office block. T h is building was privately owned but rented to a government 
department. B uild ing B  consisted o f 8 floors o f m ainly cellular offices and was a 
publicly owned building and rented to the private sector. Both buildings were 
air-conditioned. T h is chapter describes the methods used in  the survey and the 
results obtained.
The aims o f the study were to examine levels o f complaint from  occupants, what 
they attributed their com plaints to, whether there were any sex differences, job 
differences and differences between smokers and non-sm okers in  symptom 
reporting and to assess how  occupants rated the ambient environment. It was not 
aimed to make a direct com parison between the 2  buildings as this was impossible 
to do because o f the large variety o f confounding factors, for example different 
buildings, different populations and different job types.
2.2 METHOD
A n  environmental survey was carried out in  Build ing A  between the 18th o f A p ril 
and the 4th o f M ay 1988. The survey carried out a variety o f measurements. D ry  
bulb temperature and relative hum idity were measured by a Camlab 
thermohygograph in  6  positions on both o f the floors. M ean radiant temperature
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was measured using a 6 " (150m m  diameter) black globe thermometer. A ir-flo w  
measurements were taken from  fan-co il units, air-supply ducts and around w ork areas 
by use o f an air-flow  meter model T A  3000T.
N oise level measurements were carried out in  both buildings by use o f a C irru s 
sound level meter, measurements were taken beside air-conditioning grilles and 
other equipment as w ell as quieter w orking areas.
Light levels were measured in  both buildings by use o f a Hagner digital lux meter. 
Measurements were made at desk height.
A ll areas o f the two floors used by the company in  B uild ing A  were surveyed in 
A p ril 1988.
B uild ing B  had 24 room s surveyed in  a 4 week period in  M ay and June 1988. 
Tem perature and relative hum idity were monitored over a 3 day period using the 
same equipment.
A ir-flo w  measurements were also carried out in  each o f the room s w ith fan co il 
units on different speeds. A ll equipment used had been calibrated by the 
manufacturers before its use in  the study.
The results from  the environmental survey were collated and the resultant 
temperature was calculated for both buildings. Th is was calculated using the 
equation:- tres =  l / 2 tr +  l / 2 ta{ where tr is  mean radiant temperature and taj  is  
inside air temperature (C IB S E  1978)
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A  confidential questionnaire was administered in both buildings and respondents 
were asked to give inform ation w ith regard to the w orking environment. A  copy 
o f the questionnaire is  shown in  Appendix A . The questionnaire's content was the 
same for both buildings apart from  the introductory sheet and one question in 
B uild ing B  about opening windows. In  B uild ing A  a random  number sampling 
method was used to distribute the questionnaires to 5 0 %  o f the occupants, h i 
building B  questionnaires were distributed to all occupants. A ll questionnaires 
were distributed w hile the environmental monitoring was being carried out. The 
results o f this study are described in  section 2.3.
A  S ick  B uild ing Syndrome Score (S B S S ) was calculated for both buildings. The 
S B S S  was calculated from  the number o f frequent (or often) complaints o f 
symptoms that have found to be associated w ith S B S , divided by the number o f 
people who responded to that particular question on the questionnaire using the 
form ula below:
(^^"^Headache (^ ^+©Dizziness (^^^Eyestrain (^ ~*~®)sore,dry eyes
S B S S  =   +    +    +   +
R  R  R R
(O+S)S0rethroats (0+S)Nasai (0+S)Lethargy ( ° +S)Tension ( ° +S) Allergy
  +   +     +   ■+ -------------------
R R R R  R
W here O is  the number o f people com plaining o f symptoms often, S is  the number 
o f people com plaining o f symptoms sometimes and R  is  the number o f people who 
responded to the question.
60
Statistical analysis was carried out using S P S S X , a package designed to analyse 
questionnaire data.
2.3 RESULTS
2 .3 !  Questionnaire Response Rate
Questionnaires were distributed to a ll staff members in  both buildings. In  Building 
A , 12 2  out o f 145 were returned giving a response rate o f 8 4 % . In  B uild ing B  197 
questionnaires were returned after 300 were distributed giving a response rate o f 
66% .
It can be seen from  any o f the tables that both the number and percentage are 
recorded. The percentage referred to is  calculated from  the number o f people who 
responded to each question, not the complete sample.
2.3.2 Ail* Quality
In  B uild ing A , dry bulb temperature on floor 4 was found to range between 20- 
2 4 °C  w ith an afternoon peak. On floor 5 temperature ranged between 2 0 -2 1 °C . 
There was found to be a temperature gradient across this office caused by 
windows being South and N orth facing. In  Building B  resultant temperatures were 
found to be between 18 .4 -3 0 .0 °C  during working hours. Relative hum idity in 
B uild ing A  ranged from  5 0 -8 0 %  and in  Building B  4 5 -6 0 %  during w ork hours.
A ir  movement ranged between 0 .15  and 0.5 m /s in  B uild ing A . Th is was causing 
problems w ith dr aughts near supply vents and stuffiness in  other w orking areas. In 
B uild ing B  9 5 %  o f measurements taken were less than 0 !  m/s. What was 
noticeable in  both buildings were that ventilation grilles were often covered by
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documents and files. In  B uild ing A  tlie  intake area o f the air-conditioning system 
was found to be sited at a car park where there was the possibility o f exhaust 
fumes entering the building.
A  section o f the questionnaire asked respondents about air quahty in  the w orking 
environment. Question 7 o f the questionnaire asked subjects if  they were 
comfortable at w ork, h i B uild ing A , 42 (3 4 .4 % ) were comfortable at w ork all the 
time and 57 (4 6 .7 % ) were comfortable sometimes. In  B uild ing B , 10 1 (5 1 .8 % )  
were comfortable a ll the time and 70 (3 5 .9 % ) were comfortable sometimes.
Subjects were asked how they rated the air quality; the results are shown in  Table
2 .1 . The most common com plaints w ith regard to air quahty were o f stuffiness, 
dryness and unpleasantness.
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Table 2.1 A ir  Q ua lity Rating
AM Only PM Only
Rating A R A B
N % N % N % N %
No Complaints 3 6.3 12 20.7 - - 1 1.7
Pleasant 9 15.1 13 21.0 2 3.3 2 3.2
Unpleasant 3 3.9 7 8.1 12 15.6 11 12.8
Stuffy 1 5.1 12 9.0 22 22.4 18 13.5
Fresh 7 10.0 11 15.7 - - 2 2.9
Smoky 3 3.9 - - - - 3 4.9
Fumes 8 10.4 3 4.2 1 1.3 4 5.6
Humid 4 5.1 4 5.5 8 10.3 4 5.5
Dry 5 5.2 7 6.4 4 4.1 7 6.4
Too Hot 7 9.0 22 25.6 20 25.6 16 18.6
Too Cold 18 23.1 10 15.6 2 2.4 10 15.6
Fluctuating Temperature 8 8.2 3 2.3 4 4.1 7 5.5
Rating Morning and Afternoon Never
A B A B
N % N % N % N %
No Complaints 10 20.8 24 41.4 35 72.9 21 36.2
Pleasant 11 18.3 15 24.2 38 63.3 32 51.6
Unpleasant 51 66.2 63 73.3 11 4.3 7 8.1
Stuffy 63 64.3 97 72.9 8 8.2 6 4.5
Fresh 5 7.1 5 7.1 58 82.9 55 78.1
Smoky 37 48.7 17 27.9 36 47.4 41 67.2
Fumes 27 35.1 33 46.5 41 53,2 31 43.7
Humid 24 30.8 17 23.3 42 53.8 48 65.8
Dry 75 77.3 85 78.0 13 13.4 10 9.2
Too Hot 37 47.4 37 43.0 14 17.9 11 12.8
Too Cold 39 50.0 15 23.4 18 23.1 29 45.3
Fluctuating Temperature 78 80.4 105 84.4 7 7.2 10 7.8
The questionnaire asked if  subjects noted any variation in  air quality and the time 
o f year. The response in  B uild ing A  was that 7 1  subjects (6 3 .4 % ) did notice a 
difference and in  B uild ing B  91 (4 9 .7 % ) did. They were then asked what 
differences there were and the results are collated in  Table 2 .2 . It should be noted 
in  the responses that as this was an open question there were groups o f different 
answers from  each building.
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Table 2.2 Air Quality and Time of Year
How Air Quality Differs Building A Building B
N % N %
Hot in the Morning - - 24 26.1
Fluctuations in Quality 10 13.7 21 22.8
Cold in Summer, Hot in Winter 19 26.0 21 22.8
Cold in Winter, Hot in Summer 23 31.5 - -
Cold in the Morning 5 6.8 5 5.4
Cold all Year 4 5.5 - -
Humid in Winter 4 5.5 - -
Humid in Summer - - 3 3.3
Stuffy in Summer - - 3 3.3
A  final question about air quality gave respondents a chance to give then 
comments about heating and ventilation. The responses from Building A  found 
that 27 (38.0%) found the air dry, stuffy, smoky or smelly and 25 (35.7%) found 
the air-conditioning noisy, draughty or dirty. In Building B it was noted that 43 
(45.7%) found the air dry, stuffy, smoky or smelly and 9 (9.6%) found that the 
temperature fluctuated.
Questions 11 to 14 o f  the questionnaire asked whether or not it was possible to 
adjust ventilation and temperature in the office. In Building A  it was found that no 
one could adjust the ventilation, however 16 (13.2%) could adjust the 
temperature. When asked how temperature could be adjusted, 16 used portable 
fan heaters and one other response was to close a door. In Building B, 110 
(57.9%) could adjust ventilation and 97 (51.1%) could adjust the temperature.
The questionnaire used in Building B also asked if being able to open the window 
would help the air quality. 169 (90.4%) thought that it would.
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2.3.3 Noise
Noise levels in Building A  were found to measure 52-63 dBA (46 -57 NR) but the 
noise was mainly produced by ceiling ah-conditioning vents. In Building B no 
values over 45 dBA were measured.
Questions 32 and 33 o f the questionnaire asked subjects to rate the noise level in 
the office and if there was a problem, how noise levels could be improved. The 
results ofthe 2 questions are shown in Tables 2.3 and 2.4.
T a b le  2.3  N oise R atin g
AM Only PM Only
Rating A B A B
N % N % N % N %
Too Noisy - - - - - - - -
Acceptable 3 2.5 2 2 1 1.3 - -
Too Quiet - - - - 1 1.2 - -
Distracting 1 1.2 - - 1 1.2 - -
Irritating - - - - - - - -
Rating Morning and Afternoon Never
A B A B
N % N % N % N %
Too Noisy 54 8 3 ! 14 30.4 11 16.9 32 69.6
Acceptable 51 68.0 163 96.4 20 26.7 4 2.4
Too Quiet 7 14.0 6 14.3 42 84.0 36 85.7
Distracting 68 82.9 18 36.7 12 14.6 31 66.7
Irritating 55 7 0 ! 13 33.3 13 1 9 ! 26 66.7
T a b le  2.4  H ow  to Im prove N oise Levels
Method Building A Building B
N % N %
Soundproofing/ Partitions 25 37.3 6 19.4
Quieter Air-conditioning 13 19.4 6 19.4
Quieter Machinery/Equipment 13 19.4 5 19.4
65
2.3.4  L ig h tin g
Lighting levels were only measured in Building A. When illumination 
measurements were made near windows, levels as high as 12000 lux were found, 
hi the more central area illumination levels were found to be around 300 lux. A 
contributing factor to this lower level was that tubes had been removed from light 
fittings to cut down on glare.
Questions 16, 17, 18 and 24 in the questionnaire asked respondents about lighting 
levels. Subjects were asked to rate the lighting in their workplaces. The results 
are shown in Table 2.5
T a b le  2 .5  R a tin g  of L ig h tin g  in  O ffices
AM Only PM Only
Rating A B A B
N % N % N % N %
Comfortable 3 3.2 13 9.6 3 3.3 4 3.0
Mainly Natural Lighting 2 2.6 29 29.0 1 1.3 4 4.0
Mainly Artificial Lighting 1 1.1 6 5.1 4 4.5 30 25.6
Too Bright 2 2.9 7 11.5 6 8.8 6 9.8
Too Dim 5 7.6 - - 1 1.5 7 11.9
Glare 1 1.3 8 9.8 6 7.6 8 9.8
Rating Morning and Afternoon Never
A B A B
N % N % N % N %
Comfortable 63 68.5 112 83.0 23 25.0 6 4.4
Mainly Natural Lighting 38 49.4 51 51,0 36 46.8 16 16.0
Mainly Artificial Lighting 70 79.5 71 60.7 13 14.8 10 8.5
Too Bright 19 27.9 7 11.5 41 60.3 41 67.7
Too Dim 11 16.7 10 16.9 49 74.2 42 71.2
Glare 34 43.0 29 35.4 38 48.1 37 45.1
It can be seen from the Table 2.5 that artificial lighting is used most frequently and 
glare is seen by respondents to be a significant problem.
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Question 17 asked respondents if there was any variation in quality according to 
the time o f  year. In Building A  56 (48.7%) and in Building B 88 (48.1%) thought 
that there was. The main observation from this question however was that 
artificial lighting was used more in the winter months.
2 .3 .5  P h y sica l C o m fo rt and Ergo no m ics at W o rk
Questions 25 to 31 o f  the questionnaire asked respondents about their physical 
comfort at work. In response to the question, are you physically comfortable at 
your desk, it was found in Building A that 67 (55.8%) were comfortable ah the 
time, 30 (25%) were comfortable sometimes and 23 (19%) were not comfortable. 
In Building B, 133 (69.3%) o f  respondents were comfortable all the time, 27 
(14.1%) were comfortable sometimes and 32 (16.7%) were not comfortable. 
Subjects were then asked bow comfort could be improved and the results are 
collated in Table 2.6. The results indicate a possible problem with seating in the 
both buildings.
T a b le  2.6 H ow  C o m fo rt C o u ld  Be Im pro ved in  the O ffice
Method Building A Building B
N % N %
More Comfortable Chairs 35 70.0 42 73.7More Space 3 6.0 3 7.0Improve the Lighting 1 1.6 1 “ 1.8
Questions 28 to 30 asked if subjects felt claustrophobic, cramped or the office 
overpopulated at work. It was found that in Building A  15, (12.5%) felt 
claustrophobic, 39 (32%) felt cramped and 39 (32%) felt the office was 
overcrowded, hi Building B 37 (19.3%) felt claustrophobic, 58 (30.3%) felt 
cramped and 24 (12.8%) felt the office was overpopulated. Question 31 asked
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how office layout could be improved; the results are summarised in Table 2.7. 
More space seems to be something around one third o f  people in Building A  and 
one half in Building B would like. In Building A  with its open-plan workplace, 
more privacy is also suggested.
T a b le  2 .7  H ow  to Im prove the O ffice L ayout
Method Building A Building B
N % N %
More Space 18 31.6 33 51.6
Partitions/Privacy 18 31.6 1 1.6
Better Furniture - - 8 12.5
Re-organise the Office - - 6 9.4
Have Own Office 5 8.8 4 6.3
2.3.6  Jo b  Satisfactio n
Question 6 o f  the questionnaire asked subjects in general how they found work. 
The results o f  this are summarised in Table 2.8 It can be seen that people do not 
tend to see their work as boring or easy but do see it as challenging, enjoyable, 
demanding, interesting and over half in both buildings reported work as stressful, 
repetitive and difficult.
T a b le  2 .8  H ow  Do Y o u  F in d  W o rk
Feelings About Work Building A Building B
N % N %
Varied 110 94.9 68 76.0
Repetitive 70 68.0 87 55.1
Interesting 106 93.9 130 80,2
Stimulating 70 66.4 77 51.3
Challenging 82 74.8 86 55.5
Boring 18 17.1 38 27.1
Enjoyable 99 90.1 104 68.0
Difficult 55 53.4 69 45.4
Easy 33 32.7 56 38.6
Demanding 83 76.9 126 75.9
Stressful 67 64.2 91 57.6
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2 .3 .7  Responses to H e alth  Q uestions
Respondents were asked about sickness absence and bow they rated their own 
health. The results are shown in Tables 2.9 and 2.10. Table 2.9 gives an 
indication o f  the rate o f  sickness absence and most staff in both buildings were 
taking less than 10 days o ff work in a year through sickness. This is however a 
subjective response. Table 2.9 shows how people felt about their general health 
and on the whole was a positive response.
T a b le  2.9 D ays Absence in  the P ast Y e a r
B u ild in g  A B u ild in g  B
Absence N % N %
None 19 15 .7 36 18 .6
1- 5 days 56 46.3 99 5 1.0
6 - 10 days 25 20.7 38 19 .6
11 -15  days 8 7.4 9 4.6
16 days or more 12 9.9 12 6 .2
T a b le  2 .10  G e n e ra l H e alth  D escrip tio n
B u ild in g  A B u ild in g  B
G e n e ra l H e alth N % N %
Good 61 5 1.3 105 53.8
Excellent 31 26 .1 67 34.4
Average 23 19 .2 22 1 1 .3
Poor 4 3.4 1 0.5
In the questionnaire respondents were asked if  they suffered from a given list o f 
symptoms at work. Subjects were asked whether they suffered from the 
complaints never, sometimes or often. The most common health complaints in 
Building A  were headache and lethargy and in Building B headache and eyestrain, 
however by examining the Table 2.11 the prevalence o f  complaints is high for 
other health complaints.
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Table 2 !1  Prevalence of Symptoms in Both Buildings
Building A Building B
Symptom N % N %
Headache
Often 33 29.2 22 1 6 !
Sometimes 69 6 1 ! 92 67.2
Dizziness
Often 4 3.3 7 6.5
Sometimes 34 35.4 38 35.5
Eyestrain
Often 20 19.0 21 2 1 !
Sometimes 67 63.8 90 69.2
Sore, Dry Eyes 
Often 32 29.4 32 23.7
Sometimes 47 4 3 ! 90 60.0
Sore Throats
Often 20 19.2 32 23.7
Sometimes 66 63.5 81 60.0
Nasal Congestion
Often 35 34.0 41 29.9
Sometimes 47 45.6 65 47.4
Backache
Often 23 22.8 35 2 7 !
Sometimes 57 56.4 60 46.5
Lethargy
Often 39 3 6 ! 41 29.7
Sometimes 58 53.7 61 44.2
Tension
Often 20 19.0 26 21.3
Sometimes 69 65.7 64 52.5
Depression
Often 10 10.8 6 5.7
Sometimes 45 48.4 44 41.9
Allergy
Often 9 10.8 20 17.7
Sometimes 25 3 0 ! 32 28.3
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Usingtliesedata a Sick Building Sickness Score (SBSS) was calculated from the 
average number o f  symptoms complained o f  frequently and the number o f people 
who responded to the questionnaire. The symptoms used for this calculation were 
those generally thought o f  as SBS symptoms, thus data not included were the 
symptoms o f  backache and depression. The SBSS for Building A  was 1.70 and 
the SBSS for Building B was 1.19.
A  further analysis was earned out from the results in both buildings on the number 
o f  health complaints and the sex o f  the respondents. Using a Chi-square analysis 
on the SPSSX-21 package the tests were canied out and the results are shown in 
Table 2,12. It was found that the females in Building A  complained o f  significantly • 
more o f  headaches, dizziness, sore dry eyes and depression than male respondents. 
The response from Building B was similar for headaches and sore eyes and 
significantly more females complained o f  eyestrain, sore throats, nasal congestion, 
lethargy and allergy than male respondents.
71
Table 2.12 Prevalence of Symptoms and Sex
Building A Building B
Female Male Female Male
Symptom N % N % Sig N % N % Sig
HeadacheOften 28 40.0 5 11.9 p<..001 17 2 2 ! 5 8.3 p<.01Sometimes 53 56.8 39 65.0 53 56.8 39 65.0
Dizziness
Often 3 5 ! 1 2.8 p<.01 5 8.3 2 3.8 -
Sometimes 26 4 4 ! 8 22.2 23 28.8 16 28.8
Eyestrain
Often 14 21.9 6 15.0 - 25 3 5 ! 5 6.9 p<..001Sometimes 41 6 4 ! 25 62.5 41 54.4 48 66.7
Sore Dry EyesOften 26 38.8 62 15.4 p<.05 30 4 4 ! 5 9.4 p<.01Sometimes 40 62.5 26 66.7 27 39.7 22 41.5
Sore throats
Often 14 21.9 62 15.4 - 19 26.8 13 20.3 p<.05Sometimes 40 62.5 26 66.7 46 64.8 35 54.7
Nasal Congestion
Often 17 28.3 18 42.9 - 31 43.7 10 15.2 p<.001Sometimes 31 51.7 16 3 8 ! 30 42.3 35 53.0
BackacheOften 16 25.0 7 19.4 - 22 32.8 13 21.3 -Sometimes 35 54.7 21 58.3 36 53.7 23 37.3
Lethargy
Often 27 39.7 12 30.8 - 31 41.3 10 15.9 P<.001Sometimes 36 52.9 21 53.8 34 45.3 27 42.9
Tension
Often 11 16.9 9 2 3 ! - 18 27.3 8 14.3 p<.05Sometimes 44 66.7 24 61.5 37 5 6 ! 27 38.2
Depression
Often 4 7 ! 6 16.7 p<.01 3 5.6 8 14.3 -Sometimes 32 5 7 ! 12 33.3 37 5 6 ! 27 48.2
Allergy
Often 3 13.2 2 6.9 - 15 2 3 ! 5 10.4 P<.01Sometimes 18 34.0 7 2 4 ! 22 33.8 10 20.8
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The responses were further analysed to compare complaint rates in different 
occupations. As most o f  the people who had responded to the questionnaire had 
described themselves as secretarial or clerical and managerial or administrative 
staff and in Building A  those involved in training, thr ee occupational groups were 
examined. The results are shown in Table 2.13 and as there were no significant 
differences, these data were not included in the table.
T a b le  2 .13  P revalence of Sym ptom s and Jo b
Symptom
Sec/Cler 
N %
Building A 
Man/Admin
N %
Profess 
N %
Building B
Sec/Cler Man/Adm 
N %  N %
Headache
Often 23 43.4 1 16.7 9 16.7 8 19.5 6 19.4
Sometimes 28 52.8 3 50.0 38 70.4 30 73.2 23 74.2
Dizziness
Often 3 7.0 . 1 2.1 30 10.3 2 10.0
Sometimes 20 46.5 2 33.3 12 25.5 13 44.8 70 35.0
Eyestrain
Often 11 23.4 1 16.7 8 15.4 10 27.0 8 25.0
Sometimes 30 63.8 2 33.3 35 67.3 23 62.2 20 62.5
Sore Dry Eyes 
Often 19 38.2 13 23.6 15 44.1 6 26.1
Sometimes 16 32.7 3 60.0 28 50.9 11 32.4 11 47.8
Sore throats
Often 15 32.6 . 5 9.4 10 25.0 8 40.0
Sometimes 26 56.5 4 80.0 36 67.9 24 60.0 13 52.0
Nasai Congestion
Often 14 32.6 2 33.3 19 35.2 15 41.0 13 33.3
Sometimes 21 48.8 2 33.3 24 44.4 18 46.2 12 54.2
Backache
Often 11 23.4 12 24.5 11 32.4 8 35.7
Sometimes 26 55.3 2 40.0 26 55.3 18 46.2 13 54.2
Lethargy
Often 23 47.9 1 16.7 15 27.8 13 36.1 10 43.3
Sometimes 20 41.7 2 33.3 36 66.7 17 47.2 13 40.0
Tension
Often 6 13.3 1 14.3 13 24,5 5 14.3 8 32.0
Sometimes 30 66.7 6 85.7 33 62.3 24 68.6 13 52.0
Depression
Often 2 5.1 1 20.0 7 14.3 2 10.5
Sometimes 22 56.4 1 20.0 22 44.9 16 55.2 87 42.1
Allergy
Often 6 15.8 3 7.5 7 22.6 4 19.0
Sometimes 10 26.3 1 20.0 14 35.0 14 45.2 5 23.8
No Significant Differences Found
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Further statistics carried out compared the level o f com plaints between smokers 
and non-sm okers. The results are in  Table 2 ,14  and indicate that the prevalence o f 
headache, dizziness, sore, dry eyes and nasal congestion for non-sm okers were 
significantly higher than for smokers in Building B . The results for B uild ing A  
reveal that only com plaints o f lethargy were significantly more prevalent and this 
was among the sm oking group.
T a b le  2 .14  Prevalence of Sym ptom s and Sm o king
Building A Building B
Smokers Non-smokers Smokers Non-smokers
Symptom N % N % Sig N % N % Sig
Headache
Often 6 21.4 27 32.1 - 3 8.6 19 19.4 p<.05
Sometimes 19 67.9 50 59.5 22 62.9 67 68.4
Dizziness
Often - - 4 5.6 - - - 7 9.6 p<.01
Sometimes 6 26.1 28 38.9 8 26.7 28 38.4
Eyestrain
Often 4 15.4 16 20.5 - 9 22.5 22 21.6 -
Sometimes 17 65.4 49 62.8 23 57.5 63 61.8
Sore Dry Eyes
Often 5 20.8 27 32.1 - 14 42.4 6 18.2 p<.02
Sometimes 12 50.0 34 40.5 21 25.0 40 87.6
Sore throats
Often 6 22.2 14 18.4 - 6 17.1 26 27.1 -
Sometimes 17 63.0 48 63.2 21 60.0 57 59.4
Nasal Congestion
Often 12 46.2 22 28.9 - 10 30.3 31 31.0 p<.05
Sometimes 11 42.3 36 47.4 11 33.3 52 52.0
Backache
Often 7 28.0 16 21.3 - 7 31.8 27 39.7 -
Sometimes 13 52.0 44 54.3 15 68.2 41 60.3
Lethargy
Often 12 46.2 26 32.1 p<.10 11 28.2 96 30.5 -
Sometimes 14 53.8 44 54.3 14 35.9 45 47.4
Tension
Often 7 28.0 12 15.2 - 8 24.2 18 21.3 -
Sometimes 14 56.0 55 69.6 15 45.5 47 55.3
Depression
Often 3 13.0 6 8.7 - 2 6.3 4 5.7 -
Sometimes 13 56,6 32 46.4 17 53.1 27 38.6
Allergy
Often 2 11.1 7 10.9 - 4 12.9 15 19.0 -
Sometimes 4 22.2 21 31.3 8 25.8 24 30.4
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The questionnaire asked if  respondents associated then health problems w ith work. 
In  B uild ing A , 79 ( 7 1 .2 % )  o f respondents said it did and in  B uild ing B , 126 
(6 9 .2 % ) agreed. The follow  up to this question was in  what w ay were symptoms 
associated w ith w ork. Table 2 ! 5  indicates the responses. It can be seen from this 
table that the main complaints were o f headache and lethargy at w ork and no 
symptoms away from  w ork. It  is  noticeable that in  B uild in g  B  there were no 
responses to this statement, however a number o f people had complained o f both 
the symptoms in the preceding list o f symptoms.
T a b le  2 ! 5  H e alth  Problem s A ssociated W ith  W o rk
Association Building A
N %
Building B
N %
Headaches and Lethargy at Work - - 37 29.4
No Symptoms Away from Work 20 26.0 6 4.8
More Headaches at Work 15 19.5 - -
Lighting Causing Eyestrain 3 3.9 15 11.9
111 More Often Since Working Here 9 11.7 2 1.6
Nasal Congestion and Sore Eyes at Work 6 7.8 - -
Dry Skin and Scalp Caused at Work - - 10 5 !
Worse in Afternoons 2 2.6 - -
Colds and Headaches at Work 1 1.3 - -
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2 .4 .1 T h e  M easurem ents Used
The environmental m onitoring equipment had been calibrated before use therefore 
the data collected can withstand scrutiny. How ever spot measurements and 24 
hourly m onitoring m ay not reflect what is  happening over a period o f months or 
years. Few  questionnaires however attract a 10 0 %  response rate and the effect 
can cause a response bias w hich must be considered. The random  sampling 
method used in B uild ing A  m ay have overcome some o f the difficulties o f a 
possible biased sample but a response rate o f 8 4 %  m ay still have led to some data 
skewing, h i B uild ing B  the response rate o f 6 6 %  m ay also be problem atic as it 
may have only been completed by those people who either understood the 
questionnaire or those who have had problems or wished to make a complaint.
2.4 .2  Aii* Q u a lity
It w ould appear from  the survey results that most discom fort from  temperature 
w ould be found in  B uild ing B  as resultant temperatures o f 18 .4 °C  to 3 0 .0 °C  were 
measured during w orking hours. The recommended resultant temperatures for the 
office environment is  2 0 °C  (C IB S E ) and an ambient temperature o f 1 9 -2 3 °C  (B S I 
(6 ) 1990) and the measurements fluctuate greatly from  this level especially in 
B uild ing B . Com paring the results o f Table 2 .1 , w ith the temperature it was 
found that 4 3 %  o f respondents complained o f it being too hot both morning and 
afternoon, 2 5 %  that it is  too hot in  the morning and 1 9 %  that it is  too hot in  the 
afternoon. T h is suggests that the higher temperatures in  B uild ing B  are perceived 
as a problem  and m ay contribute to S B S  symptoms. I f  we compare this w ith the 
w ork o f Jaakola et al (1990) where it was found that by increasing temperature by 
4 °C  there was an increase in  reported symptoms o f 2 5 % , it m ay be that many o f
2.4 DISCUSSION
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the symptoms are produced by the increase in  temperature for example headaches 
and lethargy.
Although the temperature did seem to be under better control in  B uild ing A , it was 
noted that there were w indows on N orth and South facing sides, creating a 
temperature gradient across the office. Com plaints o f being too hot were found on 
the South side o f the building and too cold on the North. W hen the questionnaire 
results from  B uild ing A  are examined they show that 37 (4 7 .4 % ) found the 
environment too hot a ll the time and 39 (5 0 .0 % ) found it too cold. The figures do 
seem to confirm  a difference in  temperature perception, however the 
questionnaires were not split into N orth and South responses.
Another factor noticed was that o f complaints o f temperature fluctuation. In  
B uild ing A  78 (8 0 .4 % ) and in  B uild ing B  108 (8 4 .4 % ) thought that the 
temperatur e fluctuated constantly. T h is could be due to the movement o f the sun 
around the buildings but also other factors including Relative H um idity changes 
throughout the day. W yon (19 7 3 ) found that rapid sm all temperature fluctuations 
increased sleepiness and fatigue and slower environmental changes decreased 
thermal comfort. The temperature changes have not been included in  the thesis 
but the perception o f temperature fluctuation may be affecting the people working 
in  this envir onment.
Relative hum idity measurements in  B uild ing A  were found to be extremely high 
w ith levels o f 8 0 %  measured at some points. In  B uild ing B  the range was between 
4 5 -6 0 % . Both these measurements are higher than C IB S E  (19 78 ) guidelines 
w hich recommend a level o f between 4 0 -7 0 % . How ever B S 7 17 9  (1990) 
recommends a level o f between 40 and 6 0 %  but again both buildings are in an
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acceptable range. The C E N  (Parsons 1993) guidelines suggest a relative hum idity 
o f 5 0 % . Research has shown us that by increasing relative hum idity the symptoms 
o f dry skin and eyes were reduced but complaints o f stuffiness were increased 
(Reinikainen et al 1990). In  both these buildings relative hum idity seemed to be at 
a higher or norm al level yet the dry symptoms still occurred.
Re-exam ining the results in  Table 2 .1  it can be seen that over 7 5 %  o f staff in  both 
buildings reported the air as dry a ll the time whereas the reports ofthe air as being 
hum id are low er than 3 2 % . One issue is  raised here, do subjects understand the 
definition o f hum id in  the questionnaire?
The air movement measurements in  B uild ing A  suggest the possibility o f draughts 
being a problems as some air speed measures were as high as 0.5m /s. C IB S E  
guidelines recommend no air speeds in  excess o f 0.3m /s. In  B uild ing B  the 
opposite problem  seems to have occurred as 9 5 %  o f air speeds measured were less 
than 0 !m /s . Exam ining Table 2 !  it was found that 6 4 .3 %  o f respondents in 
B uild ing A  found the building stuffy a ll the time and 7 2 .9 %  in  B uild ing B . A s 
mentioned earlier, Reinikainen et al (1990) found that increasing hum idity 
increased complaints o f stuffiness and this m ay be a factor in  both buildings, rather 
than as a result o f air movement.
A s mentioned in  the review , poor air quality can be attributed to a number o f 
factors. In  B uild ing A  the layout o f the w orkplace, the covering o f grilles and the 
siting o f the air intake may a ll have contributed to the problem. In  Build ing B  
there was found to be very little air movement w hich suggests that there are faults 
in  the w ay that ah is  circulated around the building.
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Fanger (19 8 7) suggests that stuffiness in buildings could possibly be the effects of 
bioeffluents. These pollutants come from  sources such as ah-conditioning 
systems, humans and building materials. Th is may also be a factor in both 
buildings, however these pollutants were not measured during the survey.
2.4 .3  N oise
W hen the results for both buildings (Table 2.3) are examined, more respondents in 
B uild ing A  complained o f distraction and irritation. T h is is  probably exacerbated 
by B uild ing A  being more open-plan than Building B . Exam ining the noise 
measurements obtained, the levels in  B uild ing A  were 52-63 d B A , the upper lim it 
o f w hich is  higher than the recommended 60 d B A  from  B S 7 17 9 ..
There are however some factors about noise at w ork w hich may be causing an 
unsatisfactory w orking environment. Grandjean (19 8 7) found that noise levels had 
to be below 60 d B A  to allow  proper communication. W hat is  clear in  Building A  
is  that noise levels can be above this level. A s previously mentioned, there had 
been no lin k  found between noise and S B S , however again there may be creation 
o f a negative perception o f the w orking environment due to dissatisfaction. 
Respondents suggested that noise problems should be reduced by sound-proofing 
o f equipment, sorting out the air-conditioning and other strategies.
2.4.4  L ig h tin g
Recommendations for lighting levels in  the office environment vary in different 
countries. In  B ritain  present recommended levels for office lighting are 500 lux for 
general office tasks and 300 lux for computing tasks (C IB S E  1978,1989). 
How ever levels o f 500 to 2000 lux have been recommended (Grandjean 1987).
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W hen the levels measured in  B uild ing A  are examined they vary from  300 lux in 
the centre o f the room  to 12000 lux at the windows. The questionnaire results 
however found that 54 (6 8 .8 % )  found the lighting at a comfortable level, although 
in  the centre o f the room  the lighting was below recommended levels for office 
tasks.
Grandjean (19 8 7) found that lighting levels for V D U  w ork is  a controversial area. 
From  a study earned out by Benz et al (198 3), it was found that 4 0 %  o f V D U  
operators preferred lighting levels o f 200 to 400 lux and 4 5 %  preferred levels o f 
400 to 600 lux. Another interesting study found that m any V D U  operators 
switched o ff lights, drew blinds or removed fluorescent tubes from  their w orking 
area (V an  der Heiden 1984 cited Grandjean 1987). M any people had done this in 
B uild ing A . W hen Table 2.5 is  further examined, it is  found that in both buildings 
most o f the staff found the lighting comfortable both m orning and afternoon.
G lare has been suggested as a problem  in  many modem office buildings. It is  seen 
in  Table 2.5 that in  B uild ing A , 35 (4 3 .9 % ) and in  B uild ing B , 29 (3 5 .4 % ) stated 
that they had glare problems a ll day. In  a study by Nem ecek and Grandjean 
(19 7 1), from  a sample o f 120  people, 3 6 %  complained o f glare from  windows, 
2 5 %  complained o f glare from  lighting, 1 8 %  from  table tops and 1 7 %  from  desks. 
Robertson et al (1989) found that in  buildings with sm aller windows and low er 
illum ination levels, glare indices were higher. W hat has not been determined is 
whether lighting is  a contributory factor in  S ick  B uild ing Syndrome. It does not 
appear to be a m ajor factor but it  m ay be contributing to a some o f the eye 
problems and possibly headaches and general feeling o f dissatisfaction at work. 
There is  also the confounding factor o f the increased use o f V D U s in  the
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w orkplace w hich m ay be increasing eye problems and headaches rather than 
environmental factors.
2.4 .5  P h y sica l C o m fo rt and Ergo no m ics at W o rk
M ost people in both buildings seemed to be comfortable at then workplace -  in 
B uild ing A , 63 (5 2 .6 % ) and B uild ing B , 133 (6 9 .3 % ) reported this. Ideas for the 
improvement o f comfort included a more comfortable chair, 35 ( 7 1 % )  in  B uild ing 
A  and 42 (7 3 .7 % )  in B uild ing B . The chans in both buildings were standard office 
chans but the results o f the questionnaire do suggest a further examination is 
made. A t the present time this w ill be essential under the D isplay Screen 
Equipm ent Regulations (19 9 2) for anyone using a V D U . A gain it is  difficult to 
say that the physical comfort o f the subjects in the buildings is  having an effect on 
the number o f symptom complaints.
2.4.6 Job Satisfactio n
D ata in  table 2.8 suggests that on the whole most people were satisfied w ith then- 
job. O nly 18 ( 1 7 .1 % )  in B uild ing A  and 37, ( 2 7 .1 % )  in B uild ing B found their 
w ork boring. W hat should however be noted is that 6 8  (6 4 .2 % ) in  B uild ing A  and 
91 (5 7 .6 % ) in  B uild ing B  found then w ork stressful. Th is may not only be a 
reaction to their job  but also an interlinked reaction to the workplace. 
Unfortunately in  these buildings a recognised measure o f stress was not used to t iy  
and gain some insight into what was causing the stress. A s Hedge (1988) 
reported, the prevalence o f symptoms is  not necessarily linked to job  satisfaction, 
rather it is  linked w ith self-reported job stress and negative perceptions o f the 
w orking environment. W hat is  unclear in  both the buildings is  what the overall 
effect stress, job satisfaction and the environment is  having on the prevalence o f 
symptoms.
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The results suggest that there does not appear to be a high degree o f absenteeism 
(Table 2.9). T h is however is  self-reported absenteeism and no examination was 
made o f recorded sickness absence records as each company summarised their data 
differently and data was collected and collated over a period o f years, not a single 
year at a time. On the whole this m ay not have clarified the situation as norm ally 
no record is  kept o f staff who leave w ork early due to illness. M ost respondents 
reported having good health, although this does not seem to correlate with the 
number o f people com plaining o f ill-health symptoms (Table 2 .10 ).
Table 2 .1 1  indicates the incidence o f health complaints in  both buildings. The 
most common symptoms in  B uild ing A  are headache, lethargy, tension, sore 
throats and eyestrain. In  B uild ing B  the most common reported symptoms are 
sore dry eyes, sore throats, headache, eyestrain and nasal congestion. In  general 
this list is  sim ilar to previous w ork by Hedge et al (19 8 7) and Leeman (1988), 
where the most common symptoms were lethargy, stuffy nose, headache, dry 
throat and itchy eyes. A  further point to note is  that if  w orking in  cellular offices 
lessens the problem, it w ould be expected that reported symptoms in  Building B 
w ould be fewer as more people worked in this environment. According to the 
S B S S  score for each building there were fewer symptoms in  Building B (1.19 ) 
compared w ith B uild ing A  (1.70 ).
The S B S S  scores for the buildings were not higher than those found in other 
research for example W ilson and Hedge (19 8 7) found that their lowest score out 
o f 46 buildings was 1.2 2  and their worst was 5.25 w ith an average o f 3 .11 . It is 
not really possible to compare w ith other buildings due to the different
2.4.7 Health Responses in the Questionnaire
82
questionnaires and methodologies used. A s noted earlier due to differences in  the 
buildings studied, there is  little point in  comparing between both buildings.
Sex differences in symptom com plaints were examined. It was found that apart 
from  dizziness, backache and depression, females significantly reported having 
more symptoms in  B uild ing B . In  B uild ing A , headaches, dizziness, sore dry eyes 
and depression were reported significantly more by females. Other researchers 
have not alw ays found sex differences in symptom reporting. How ever B U S 
(W ilson &  Hedge 1987), did find significant differences. The reasons for 
differences in symptom reporting could be many and include the type o f w ork 
women can y out and the office space they are allocated.
Occupation and incidence o f symptoms was also examined and the results are 
shown in Table 2 .13 . In  B uild ing A  w ith 3 occupational groups, 
(secretarial/clerical staf£ professional staff and m anagerial staff), managerial staff 
reported fewer symptoms. In  B uild ing B  no significant differences were found. 
How ever symptom reporting may not ju st be linked to sex and occupation but be 
related to time spent in  a particular office environment.
Other groups who have found differences m ay put them down to m anagerial staff 
spending less time in  the office or secretarial/clerical staff being stuck at then desks 
w ith less satisfying jobs. A gain there is  a v e iy  unclear picture o f how job type 
affects the prevalence o f symptoms.
Symptoms were further analysed to find out if  smokers reported more than non- 
smokers. It was found that non-sm okers reported significantly more headaches, 
dizziness, sore dry eyes and nasal congestion in  Building B . In  B uild ing A  it was
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found that smokers complained more o f lethargy than non-sm okers. Th is is a 
sim ilar result to research carried out by W ilson &  Hedge (19 8 7), Jaakola (1990) 
who found that passive or ex-sm okers had more symptoms. How ever Haw kins &  
W ang (19 9 1) found that smokers complained more o f symptoms. W hat is 
interesting from  these studies is  that in  the Haw kins &  W ang (19 9 1) study that 
only 2  o f the buildings allowed smoking. It may be possible that the smokers have 
more symptoms as a result o f not being allowed to smoke at w ork, however there 
is  no published research to support or deny this.
The questionnaire asked respondents about ill-health symptoms that they 
associated w ith work. The most common responses, as reported in Table 2 .15 , 
were that there were no symptoms away from  work. Th is being the case it can be 
assumed that there is  something in  the w orking environment that is  causing 
physical ill-health. W hat is  still very unclear is  what is  the cause o f this. It does 
not appear to be as easy as saying that poor ventilation or indoor pollutants cause 
ill-health. Rather that every factor including the building, the physical 
environment, the job being carried out and the individual are a ll inter-linked and 
the causes many.
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The aims o f the study were to examine the levels o f com plaints from  occupants, 
what they attributed their com plaints to and whether there were differences in  the 
results between different groups o f people. The results found that the prevalence 
o f some symptoms was quite high w ith reported levels o f "sometimes" or "often" 
o f over 70 %  (headache, sore, dry eyes, sore throats etc.). In  both buildings, 
women in general did report more symptoms than men. W hen symptom 
prevalence and job type were examined, no significant differences were found. 
W hen examining sm okers and symptom reporting, only a few specific symptoms 
were found to be significantly reported more by smokers. Individuals attributed 
their health com plaints to the w ork environment and specific comments were made 
such as more headaches at w ork, lighting causes eyestrain and no symptoms away 
from  w ork.
The results on the whole indicated the scale o f the S B S  problem  and an evidence 
o f how many possible factors m ay be interlinked. Fo r example, the physical 
w orking environment, the job  types, and im portantly the individual and their 
reaction to the latter. Results from  the case study found that environmental 
variables such as air-flow , temperature and lighting were not always within 
recommended guidelines. T h is m ay be common in office envir onments but what is 
unclear is  how  far some environmental factors have to be outside guidelines before 
an effect is  felt by building occupants.
2.5 CONCLUSION
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3 .  S i c k  B u i l d i n g  S y n d r o m e  
a n d  S t r e s s  i n  E m e r g e n c y  
C o n t r o l  R o o m s
3. s il k  m m  DING SYNDROME a n d  st r e ss  in  e m e r g e n c y
C O N T R O L  R O O M S
3 .1  IN T R O D U C T IO N
In  the U K , emergency control rooms have in  the last decade been subjected to 
increasing levels o f technology w ith the introduction o f V D U s  and computer 
systems into the w orkplace. W ith the introduction o f this equipment there has 
been an increasing awareness o f staff com plaining more o f ill-health and a 
perception that sickness absence levels are increasing as are ill-health  retirements. 
The ill-health  com plaints were sim ilar to those found in  S ick  Build ings and thus 
were not perceived as life  threatening.
The control room  operators jo b  is  basically described as follow s. W hen emergency 
calls are received from  the public, they are answered by an operator who then 
takes action by m obilising the appropriate equipment and manpower, inform ing 
appropriate officers and other emergency services w hich m ay be required. To 
can y out this task the operator must know  which type o f equipment is  available, 
to be able to match equipment and personnel to each incident, know how to use 
the computer and telephone systems in  a particular control room  and be able to 
obtain inform ation for specific incidents e.g., inform ation about chem icals involved 
in  a spillage and how to deal safely w ith such chemicals.
T h is does not however describe the nature o f the job. B y  its nature an emergency 
call can come in  at any time. There can often be several incom ing calls for each 
incident and there can be any number o f incidents at any one time. The number o f 
calls received by a control room  can vary due to its position in  the country i.e ., city 
control rooms w ill receive more emergency calls than rural ones. There are more 
calls in  the daytime than at night and there is  also a seasonal variation due to for
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W ith these factors in  mind operators can spend a watch (a single shift) w ith very 
few calls -  an underload o f w ork -  or w ith many emergency calls being received - 
an overload o f w ork. Both are situations w hich can cause different problems.
Control room  operators also w ork s liifi patterns. In  general there is a 15 hour 
night shift w ith a 9 horn* day shift. Although there is a 4 hour stand down period 
overnight the long night shift can be arduous. The job  description is  only brief and 
in  no w ay covers the whole scope o f the job.
Previous research carried out into this type o f control room  has included studies by 
Employment M edical A dvisory Service (E M A S  1989) and M acfarlane and Edm onds 
(1989) o fth e  Stirling U niversity Psychology Department. The E M A S  (1989) report 
was concerned w ith reproductive problems in the staff o f one particular control room  
This control room  was one ofthe first in  the country to he computerised and there was 
some concern among staff that health problems, such as reproductive problems, were 
occurring because o f the computers. It was found however that although there was 
not a lin k  between the use o f V D U s and reproductive problems, other factors were 
obseived. A  problem  was found w ith the thermal environment in  this control room, 
chans were found to be uncomfortable and it was recommended that ergonomists were 
used when the control room  was re-designed. M acfarlane &  Edm onds (1989) found 
that when researching another control room, environmental problems were found that 
were sim ilar to those found in  buildings w ith S ick B uild ing Syndrome. Chans were 
found to be uncomfortable and the lack o f daylight had become an issue in  the control 
room. The fluorescent lighting was also found to be irritating to staff and the rest 
facilities were not thought to be
example, an increase in the number of grass fires in summer
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adequate.
In  both o f these control rooms it was found that although the problems w ith health 
were not serious, the added effects o f discomfort at w ork and job  stress would 
disrupt the w ell-being o f staff.
W ith these factors in  mind it was decided to study the situation and try to answer 
the follow ing questions.
1. W hat is  the com plaint rate o f illness among control room  staff and does it vary 
between control room s?
2. W hat are the specific health problems that are occurring.
3. Is  there evidence o f job stress and if  so, is  there an association between the 
ill-health  com plaints and job  stress?
4. W hat do staff subjectively associate ill-health w ith and has new technology 
increased health com plaints?
5. W hat objective evidence including sickness absence and ill-health  retirements is 
there for ill-health  com plaints and their causes?
6 . Is  the problem  in  the demands o f the new technology or in  the environmental 
changes that have occurred sim ultaneously?
3 .2  M E T H O D
A  v isit was made to a control room  where 10  interview s and a job analysis were 
carried out. W ith reference to this and to previous research, a structured 
questionnaire was designed. The questionnaire was piloted on 30 staff and 
recipients were asked for their comments. W hen the questionnaires were returned 
they were analysed for their comments. The questionnaires were then redesigned
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for the final copy.
The questionnaire was then distributed to 18 13  control room s staff in  the U K . The 
total o f 18 13  was given as an approxim ation at the time as it was found that there 
were fewer staff than this in the U .K . and 1797 questionnaires were actually 
distributed. The questionnaires were returned confidentially to the Robens 
Institute and a ll returns were voluntary. A  copy o f the questionnair e can be seen in 
Appendix B .
V is its  were made to 6  control rooms. The control room s were chosen by their 
location i.e ., two from  a rural location, two from county locations and two from  
metropolitan areas, to reflect three different w ork loads.
D uring the v isits job  analysis and environmental m onitoring were carried out. 
Temperature and relative hum idity were monitored over a 24 hour period. In 
Control Room s A , B  and E  temperature was monitored in  2 positions in the 
control rooms. In  Control Room s C , D  and E  temperature was monitored in 3 
positions. T h is was earned out using a Squirrel monitor (Grant Instruments Ltd) 
calibrated by the manufacturer. Light was measured using a Hagner Lu x  meter 
again calibrated by the manufacturer. A ir-flo w  was measured using an air-flow  
meter model T A  3000T (calibrated by the manufacturer). N oise levels were 
measured using a C irru s N oise meter w hich could be self-calibrated by the use o f a 
calibration tone w hich was used to check for accuracy each time the noise meter 
was used.
To  obtain objective inform ation, sickness absence over a 5 year period including a 
period o f changeover to new technology was collated and analysed. Reference
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was also made to how many early retirements there had been since the last up-date 
o f technology.
Stress analysis was carried out by use o f the Occupational Stress Indicator (O S I). 
T h is is  a group profiling method to analyse sources o f stress at w ork and the 
coping strategies used to deal with stress. A  copy o f the O S I questionnaire can be 
seen in Appendix C .
Results were analysed using S P S S X  and M initab. S P S S X  was used to handle the 
questionnaire data and M initab for sm aller number analysis.
3.3  R E S U L T S
3 . 3 !  T h e  C o n tro l Room s Stud ied
Control room  A  was a rural control room  responsible for an area o f 936 square 
m iles and a population o f 400,000. It receives approxim ately 5500 calls per annum 
and has a staff o f 2 2 . The control room  went "live" on the 25th o f January 1985 
and this was the last up-date o f technology. The shift system in  use is  that o f 2 day 
shifts, 2  night drifts follow ed by 4 days off. The control room  is ventilated by the 
use o f a fan and windows.
Control Room  B  was a rural control receiving approxim ately 25,000 calls per 
annum  It had a staff o f 24 and w orks a shift system o f 1 day, 1 night, one o ff 1 
day, 1 night, 3 off. The control room  went "live" w ith new technology on the 1st 
o f Novem ber 1988. The control suite consisted o f the control room, the rest 
room, kitchen, showers and toilets. The control suite was air-conditioned.
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C ontrol Room  C  was a metropolitan control room  receiving approxim ately 80,000 
calls per annum, usually around 2 0 0  calls per day. It had a staff o f 6 8 . The last 
up-date o f the control room  was in  October 1987. The shift system is worked on 
2 :2  system; 1 day, 1 night, 1 off) 1 day, 1 night, 3 off. The control suite consists 
o f the control room, the rest room, kitchen, showers, toilets, rest room, training 
room  and locker rooms. The control suite was air-conditioned.
Control Room  D  was a metropolitan control room  and dealt w ith 51000 incidents 
in 1989. It had a staff o f 59. The last up-date o f the control room  was in M arch 
1987. The shift system is worked on a basis o f 1 day, 1 night, 1 off) 1 day, 1 night 
3 o ff The control suite consisted o f the control room, a training room  w hich 
could be shut o ff from  the rest o f the control room, a separate room  for printers, a 
rest room, kitchen, toilets and showers. T h is control room  was air-conditioned.
Control Room  E  was representative o f a county control and covers an area o f 
2,500 m iles. It had 26 staff and it was at the time o f the study the newest control 
room  as it went "live" in September 1988. Control Room  E  had 6  workstations 
each w ith their own V D U , radio and telephone. A ll equipment could be moved to 
suit individual staff members. W orkplace height was w ithin recommended levels 
and chairs were adjustable; however footrests were not provided for staff and this 
was one o f the m ajor complaints about the design. The control room  was air- 
conditioned.
Control Room  F  was again a county control w hich received between 16 000 and 
25 000 calls per annum. The control room  was set up for use in 1985. It had 36 
staff who worked a shift rota o f 2  days, 2 off, 2  nights, 2 off. The control suite 
consisted o f the control room, kitchen, rest room, toilets, showers and bedrooms.
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The control room  was air-conditioned but staff could sw itch this off. W indow s 
were also used in  the control room  both for light and for ventilation. A dditional 
heating was also provided by radiators.
3 .3 .2  T h e  Q u estio n n aire  Response R ate
Health and comfort questionnaires were distributed to a ll control staff across the 
United Kingdom . The questionnaires from  the individual control rooms visited 
were separated for analysis and the percentage o f returns are shown in Table 3 .1.
T a b le  3 !  B reakdow n of Q uestio n naire  R e tu rn s
C o n tro l Room N o. D istrib u te d N o. R eturned %  R eturned
N a tio n a l R etu rn s 1797 1 1 1 4 62
C o n tro l Room  A 2 2 16 73
C o n tro l Room  B 24 17 7 1
C o n tro l Room  C 6 8 4 1 70
C o n tro l Room  D 59 43 73
C o n tro l Room  E 26 2 1 81
C o n tro l Room  F 36 23 64
3.3.3  Aii* Q u a lity
Environm ental surveys were carried out in each o f the control rooms over a 2 day 
period. A ll the survey w ork was carried out during the months o f December and 
January 1988 -  1989.
Tem perature was monitored in each o f the control room s for a 24 hour period. 
The results were collated and shown in  Table 3.2. Table 3 .2  indicates that the 
temperature in  each control room  fluctuated and in control rooms D  and F  
temperature was above recommended levels.
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Table 3.2 Temperature
C o n tro l Room  Tem p eratu re  in  E a ch  C o n tro l Room  ° C
_____________________A verage Tem p  M in im u m  Tem p  M axim u m  Tem p
C o n tro l Room  A
P o in t 1 22.80 2 4 .15 24.60
P o in t 2 19.80 18 .10 22.85
C o n tro l Room  B
P o in t 1 21.8 0 2 1 .0 0 23.95
P o in t 2 2 1.2 5 20.70 22.35
C o n tro l Room  C
P o in t 1 21.4 0 20.40 22.05
P o in t 2 2 1 . 1 0 19.50 22.70
P o in t 3 24.00 24.00 25.50
C o n tro l Room  D
P o in t 1 23.80 23.25 24.35
P o in t 2 23.65 23.30 24.30
P o in t 3 25.30 24.05 26.05
C o n tro l Room  E
P o in t 1 22.45 20.75 23.55
P o in t 2 22.95 2 2 .0 0 2 4 .15
C o n tro l Room  F
P o in t 1 23.20 23.20 24.55
P o in t 2 21.8 0 21.5 0 23.05
P o in t 3 22.45 21.4 5 24.05
Relative hum idity was measured in  each o f the control rooms. Results are 
presented in  Table 3.3. The measurements indicate that in  4 o f the control rooms 
levels o f hum idity are low er than the recommended level o f 40 to 60 %  (B S I (6 ) 
1990).
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Table 3.3 Relative Humidity
C o n tro l Room %  R e lative  H u m id ity  
R ange
C o n tro l Room  A 44.9 -  54.6
C o n tro l Room  B 38.2 -  50.9
C o n tro l Room  C 34.0 -  39.0
C o n tro l Room  D
P o in t 1 29.6 -  40.0
P o in t 2 25.5 - 34.4
C o n tro l Room  E 23.8 - 27.3
C o n tro l Room  F
P o in t 1 4 3 .0 -4 9 .9
P o in t 2 4 2 .1 -4 7 .7
A ir  flow  was monitored in  each o f the control rooms and the data is  presented in 
Table 3.4.
T a b le  3.4 A h ’ Flow  R ates
C o n tro l Room A ir  Flow  R ates m /s 
R ange
C o n tro l Room  A < 0 .1
C o n tro l Room  B 0.05 -  0.3
C o n tro l Room  C < 0 .1
C o n tro l Room  D
cno’■
r—Io'
C o n tro l Room  E < 0 .1
C o n tro l Room  F 0 .1 - 0.7
Table 3.4 indicates that in  Control Room s A , C  and E  air flow  m ay be lacking as 
although measurements were made at 0 .1  m /s this may not be a high enough rate, 
although C IB S E  recommend rates o f between 0 .1 and 0.3 m/s. In  Control Room  
F  there was a noted problem  w ith draughts especially as one operator had to sit 
underneath a vent w hich released air at a velocity o f 0.7 m/s.
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From  the questionnaire respondents were asked if  they felt comfortable in  the 
w orkplace. The responses are shown in  Table 3.5. The table indicates that most 
people were comfortable often or sometimes at work.
T a b le  3 .5  C o m fo rt R a tin g  in  C o n tro l Room s
C o n tro l Room  ( % )
C o m fo rt R a tin g A B C D E F N at
A lw ays
C o m fo rtab le
43.8 17.6 3 4 .1 47.6 52.4 30.4 43.7
Som etim es
C o m fo rtab le
56.3 76.5 48.8 38 .1 42.9 69.6 46.2
N ever
Co m fo rtable
- 5.9 17 .1 14.3 4.8 - 1 0 .1
Respondents were asked to rate the air quahty in  the w orkplace and the results are 
shown in  Table 3.6.
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M ost o f the com plaints about air quality were that it was unpleasant, stuffy, never 
fresh, dry and the temperature fluctuates. In  Control Room  E  and F  there were a 
lot o f com plaints o f fumes in  the environment.
Respondents were then asked if  they could control ventilation and temperature in 
their control room.
T a b le  3 .7  C o n tro l of Tem p erature and V e n tila tio n
C o n tro l Room %  W h o  can control 
tem perature
%  W h o  can control 
ve n tilatio n
A 1 0 0 .0 93.8
B 0 .0 29.4
C 1 0 0 .0 27.5
D 11.9 14.3
E 1 0 0 .0 7 1.4
F 1 0 0 .0 95.5
N at 69.3 48.2
Table 3.7 indicates that nearly 7 0 %  o f occupants could control temperature in  the 
control room  but not as m any could control ventilation.
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3.3.4 Lighting
Lighting in  Control Room  A  was provided by the use o f w indow s, spotlights and 
fluorescent up-lighting. The w indows had blinds on them w hich could be used to 
prevent glare and reflection problems on display screens. The up-lighting could be 
controlled by a dimmer sw itch at one desk but at low  levels o f illum ination the 
lights flickered.
Lighting was provided in  Control Room  B  by the use o f window s and fluorescent 
up-lighting around the w alls and ceiling. The windows had blinds on them which 
could be used to prevent glare and reflection problems. The up-lighting could be 
controlled by a batch o f switches for each tube.
The lighting in  Control Room  C  was supplied by the use o f fluorescent lighting in 
single tubes at ceiling height and illum ination levels could be increased or 
decreased by the use o f a single control panel. D esk lam ps were provided at each 
w ork station. The windows in  the control room  were away from  the control staff 
and introduced very little natural light into the w orking area. There had been 
com plaints o f a p ink after-im age occurring in  the control room  however this is  due 
to retinal fatigue w hilst using a green V D U  screen. The after-im age is  pink 
because this is  the complementary colour to green on the spectrum.
In  Control Room  D  lighting was provided by fluorescent lighting in  double tubes at 
ceiling height and supplemented by 3 floor standing up-lighters. Staff appeared to 
use only the up-lighters and when questioned reported that this was the case.
Lighting was provided in  Control Room  E  by the use o f fluorescent tubes placed 
slightly behind each workplace. These were individually controlled by staff. Th is
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lighting had been introduced after staff had complained. Lighting levels were 
measured and found to be between 170  and 350 lux.
In  Control Room  F  lighting was provided by windows, spotlights and fluorescent 
tubes. The fluorescent lighting w as fu lly  adjustable and when on M l provided a 
lighting level o f 405 lux.
Lighting measur ements made during daylight hours from  each o f the control rooms 
were collated and the ranges are shown in  Table 3.8.
T a b le  3.8  Illu m in a tio n  Levels
C o n tro l Room L e v e l (lux) 
R ange
C o n tro l Room  A 250 -  300
C o n tro l Room  B 100 -  250
C o n tro l Room  C 6 0 -9 5
C o n tro l Room  D 10 0  -  2 0 0
C o n tro l Room  E 170 -  350
C o n tro l Room  F 1 2 -  1 1 0
The lighting section o f the questionnaire asked the subjects about lighting in  the 
control room. Respondents were asked to rate the lighting quality in  the control 
room ; the results are shown in  Table 3.9.
The table indicates that there was m ainly artificial lighting used during both shifts. 
There also seemed to be a number o f problems w ith glare and reflection in  some 
o f the control rooms.
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3 .3 .5  N oise Levels
N oise measurements were made in  a ll the control room s apart from  one. The 
measurements were carried out when the control room  was receiving no calls and 
when emergency calls were coming in. The range o f noise levels monitored are 
summarised in  Table 3.10
T a b le  3 .10  N oise Levels
C o n tro l Room Le vel (d B A ) 
R ange
C o n tro l Room  A 5 5 -6 0
C o n tro l Room  B 5 5 -6 5
C o n tro l Room  C 5 5 -6 0
C o n tro l Room  D -
C o n tro l Room  E 5 5 -6 0
C o n tro l Room  F 5 5 - 7 0
Staff were asked how  they rated the noise level in  the control room. The results 
are shown in  Table 3 .1 1 .
The m ain comments about noise differ greatly between each control room. A  
number o f respondents find the noise distracting and irritating on day shifts or both 
shifts.
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3.3.6 Ergonom ics
Control Room  A  had 3 consoles, each w ith 2  fixed display screens. Foot rests 
were provided for staff. The m ain com plaints about comfort at the consoles were 
that staff were having to stretch to reach pieces o f equipment and that the chairs 
could not be positioned close enough due to the low  level o f the console. The 
fixed positioning o f display screens and keyboards allow ed staff no flexib ility and 
no control over their workspace. The height o f the keyboard from  the floor was 
75 cm  w hich is  higher than acceptable as B S I ((5) 1990) recommends a fixed 
w orkplace height o f between 6 6  and 73 cm. The height o f the display screen from 
the floor was 135 em to the top o f the screen.
h i Control Room  B  there were 3 consoles each w ith positions for 2 operators. 
The desk height w as 74cm  w hich is  again higher than that recommended by B S I 
((5) 1990). On the console top equipment can be moved to suit the individual 
apart from  the keyboard. T h is is  because the keyboard is  positioned in  a recess in 
the w ork top. One problem  reported w ith the layout o f the consoles was that there 
were reflection and glare problems on the display screens nearest the window.
Control Room  C  had 10 w orkstations each w ith a V D U , telephone and radio. A ll 
the equipment could be moved around the workstation to suit the individual. The 
height o f the w orkstation was 76cm  (again higher than recommended in  B S I ((5) 
1990). Chairs are adjustable w ith armrests and foot rests are provided for staff. 
Cupboards are also built into the workstations for personal belongings.
There were 7 w orkstations in  Control Room  D  -  5 o f w hich were joined together - 
each w ith a VD U /keyb oard, telephone and radio. A ll the equipment could be 
moved to suit the individual. The height o f the w orkstation was 69cm from  the
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floor and the keyboard height was 73.5 cm above the floor. T h is is  w ithin B S I ((5) 
1990) recommended levels. Chairs are adjustable w ith armrests and foot rests are 
provided for staff. The m ain problem  w ith the foot rests were that they were fixed 
and could not be removed by staff w ith longer legs; this situation has since been 
rectified. The chairs did tilt but in  a reclining position caused discom fort for staff. 
Cupboard space w as provided for staff at the workstation.
The final control room  (Control Room  F ) had 5 consoles each w ith a V D U  scr.een 
and moveable keyboard. Adjustable chairs and footrests were provided for staff 
The height o f the keyboard from  the floor was 75cm  w hich is  w ithin the 
recommended range o f B S I ((5) 1990) w hich states that a w ork surface (not 
including equipment) should be between 6 6  and 73 cm. The chairs were adjustable 
but there were some com plaints o f sliding forward in  the seat.
The ergonom ics section o f the questionnaire asked if  staff were physically 
comfortable at w ork and if  not how comfort could be improved. The results are 
shown in Table 3 .12 .
T a b le  3.12 C o m fo rt at W o rk
C o n tro l R oom O ften (%) Sometimes ( % ) N ever ( % )
A 18.8 62.5 18.8
B 29.4 4 7.1 23.5
C 19.5 56.1 24.4
D 20.9 46.5 32.6
E 52.4 47.6 0 .0
F 30.4 60.9 8.7
N a t 32.4 52.7 14.9
O n the whole most people seem to be physically comfortable at w ork often or 
sometimes.
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The questionnaire then asked respondents how comfort could be improved. The 
results are shown in  Table 3 .13
T a b le  3 .13  H ow  C o m fo rt C o u ld  be Im p ro ved
Suggestion C o n tro l R o o m  ( % )
A B C D E F N a t
Im p ro ve  Seating 54.5 - 96.9 97.0 2 2 .2 61.5 73.4
Re-design consoles - - 3 .1 3.0 - 2 3 .1 15.7
Use of foot rest 18 .2 - - - 66.7 - 3.8
N o t sitting for long periods - 60.0 - 1 1 . 1 7.7 1.7
M o re  Space - - - - - - 1.7
R e-position consoles 27.3 2 0 .0 - - - - 0 .8
M o re  w o rk  surface - - - - - - 0 .6
D o not know - - - - - 7.7 0 .8
The most common suggestion for im proving comfort was to im prove seating. In  
Control Room  B  however, not sitting for long periods was a suggestion and in 
Control Room  E  footrests were required.
The section also asked if  staff felt there were too m any people sharing the 
workplace. The results are shown in  Table 3 .14
T a b le  3 .14  Space at W o rk
C o n tro l Room C la u st . 1 C ram p ed O ver-•pop2
Yes Som e Yes Som e Y es Som e
A - 50.0 6.3 12.5 - 18.8
B - 17.6 5.9 1 1 . 8 - 17.6
C 14.6 3 1.7 9.8 24.4 - 27.5
D 4.7 27.9 9.3 14.0 7.0 27.9
E 4.8 38.1 4.8 19.0 - 23.8
F 4.3 17.4 13.0 26 .1 - 13.0
N at 8.3 3 1.7 14 .1 27.7 1 0 .2 31.9
1 = Claustrophobic 2 -  Over-populated
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Staff were asked how  they found their jo b s and the results are shown in  Table 3 .15
3.3.7 Job Satisfaction
Ta b le  3.15 Jo b  Satisfaction
Control Room (% )
Description A B C D E F Nat
Varied 100 94.1 73.3 73.0 66.7 95.5 86.5
Repetitive 25.0 17.6 61.1 71.8 71.4 61.1 55.2
Interesting 86.7 100 83.3 84.6 100 100 93.5
Stimulating 61.5 76.5 48,6 54.1 85.7 77.8 64.9
Challenging 69.2 94.1 63.2 65.8 81.0 89.5 77.9
Boring 23.1 12.5 45.5 43.6 45.0 50.0 25.0
Enjoyable 69.2 94.1 66.7 68.4 90.5 100 85.3
Difficult 30.8 70.6 48.6 54.1 33.3 61.1 46.3
Easy 15.4 - 26.5 32.4 35.0 23.5 27.8
Demanding 93.3 100 85.0 78.9 80.0 94.7 87.1
Stressful 93.8 81.3 94.7 87.1 80.0 95.0 88.0
The table indicates quite a positive response to w ork as although there are reports 
o f repetition, most find it interesting, stim ulating, challenging but stressful. In 
comparing control room s the rural controls are com plaining less o f repetitiveness, 
o f the jo b  being boring and o f the jo b  being easy.
3.3.8 Responses to H ealth  Questions
W ithin the questionnaire respondents were asked about their subjective sickness 
absence and how they rated their own health. The responses are shown in  Tables 
3 .16  and 3 .17 .
From  Table 3 .16  it can be seen that most o f the self-reported time o ff w ork 
through ill-health  is  the period o f 1 to 5 days. The subjective health assessment is 
also quite positive w ith most people reporting good or excellent health.
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Table 3.16 Absence from Work
Control Room (% )
A B C D E F Nat
None 12.5 - 9.8 18.6 15.0 8.7 13.4
1 -5  Days 37.5 58.0 51.2 25.6 55.0 30.0 39.1
6 -1 0  Days 12.5 11.8 14.6 18.6 20.0 21.7 20.7
11 - 15 Days 6.3 11.8 4.9 7.0 5.0 4.3 9.0
> 16 Days 31.3 11.8 19.2 30.2 5.0 34.8 18.6
Respondents were then asked to give a subjective health rating and the results are 
collated in  Table 3 .17 .
Ta b le  3.17 H ealth R ating
Control Room
Rating A B C D E F National
N % N % N % N % N % N % N %
Excellent 2 12.5 2 11.8 4 9.8 2 4.7 6 30.0 4 17.4 164 15.4
Good 8 50.0 11 64.7 17 41.5 20 46.5 8 40.0 11 47.8 471 44.3
Average 5 31.3 4 23.5 19 46.3 20 46.5 5 25.0 8 34.8 339 31.9
Poor 1 6.3 - - 1 2.4 1 2.3 1 5.0 - - 90 8.4
Respondents were asked if  they ever suffered from  a given list o f symptoms. The 
responses are in  Table 3.18 . The results indicate the most common symptoms are 
headaches, eyestrain, sore dry eyes, nasal congestion, backache, lethargy and 
tension.
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Table 3.18 Prevalence of Symptoms
Control Room
Symptoms A B C D E F Nat
% % % % % % %
Headache
Often 56.3 29.4 34.4 26.3 14.3 15.0 23.7
Sometimes 25.0 47.1 60.9 50.0 61.9 75.0 64.1
Migraine
Often 2.7 5.7 5.0 5.6 4.7
Sometimes 43.8 5.98 40.5 22.9 10.0 16.7 30.3
Dizziness
Often 6.3 5.9 2.7
Sometimes 28.6 12.5 26.3 31.4 25.0 23.5 26.1
Eyestrain
Often 46.7 25.0 32.5 23.7 28.6 5.0 24.4
Sometimes 40.0 56.3 55.0 60.5 38.1 55.0 56.1
Sore Dry Eyes 
Often 53.3 35.3 39.5 28.6 52.4 31.8 30.8
Sometimes 46.7 52.9 42.1 60.0 23.8 • 27.3 47.4
Nasal Congestion
Often 53.3 33.3 28.9 45.9 33.3 21.1 31.0
Sometimes 46.7 46.7 50.0 35.1 57.1 57.9 49.0
Backache
Often 43.8 41.2 23.7 55.3 38.1 15.0 30.9
Sometimes 43.8 47.1 71.1 36.8 33.3 70.0 50.8
Lethargy
Often 35.7 26.7 24.3 47.4 33.3 22.7 26.1
Sometimes 50.0 40.0 62.2 44.7 38.1 63.6 50.6
Tension
Often 26.7 25.0 47.5 23.7 19.0 23.8 28.2
Sometimes 53.3 50.0 42.5 68.4 57.1 66.7 55.0
Depression
Often 13.3 6.3 12.8 7.9 23.8 10.1
Sometimes 40.0 37.5 59,0 42.1 19.0 60.0 41.9
Allergy
Often 6.7 12.5 10.3 5.9 4.8 5.6 7.7
Sometimes 33.3 25.0 20.5 14.7 19.0 27.8 20.8
Skin Rashes 
Often 14.3 20.0 5.3 3.0 5.0 5.9 7.7
Sometimes 42.9 13.3 36.8 15.2 35.0 41.2 26.1
Sleep Problems
Often 20.0 11.8 12.8 35.1 5.0 23.8 16.7
Sometimes 40.0 17.6 53.8 27.0 35.0 47.6 42.2
Indigestion
Often 33.3 7.7 21.9 15.8 15.8 13.2
Sometimes 26.7 18.8 38.5 40.6 36.8 47.4 39.1
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The raw  data w as analysed using the C h i Square test on the M initab package to 
assess whether there were any significant differences between w ithin and between 
groups o f control room  staff W hen comparing the 2 rural control rooms (A  and 
B ) it was found that the only significant difference between the 2 groups was that 
there were significantly more com plaints o f indigestion in  Control Room  A
(p<0.01).
The com parison between the 2 metropolitan control room s (C  and D ) found a 
larger number o f differences between groups. Group D  had a significantly higher 
frequency o f com plaints about backache occurring often, (p < 0 .0 2 ) and more sleep 
problems being complained o f often (p<0.05). Group C  had significantly higher 
com plaints o f tension often, (p < 0 . 1 ) and skin rashes sometimes (p<0.05).
Com paring the 2 County control room s (E  and F ) it w as found that Control E  had 
significantly more com plaints o f backache sometimes (p < 0 . 1 ), depression 
sometimes (p <0 .0 1 ) and sleep problems sometimes (p <0 . 1 ).
Further com parisons were made w hich examined between group differences. 
F irstly  rural and m etropolitan controls were compared and it was found that there 
were no significant differences between the symptoms reported.
Com paring rural and county control rooms it was found that the county controls 
had significantly more symptoms o f headache (p<0.05) and the rural controls had 
significantly more com plaints o f eyestrain (p<0 . 1 ) and sore dry eyes (p<0 .0 2 ).
The com parison between metropolitan and county control room s found that more 
m igraines (p < 0 .1) more reported eyestrain (p<0.05), more frequently reported sore
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dry eyes (<p0.05) and more backache (p<0,05) in the metropolitan control rooms.
To  try and assess whether the control room s had more or less symptoms than 
expected, each control room  was compared w ith the national figures. In  Control 
Room  A  it w as found that staff complained significantly more o f frequent 
headaches (p < 0 .0 1 ), sore dry eyes (p < 0 . 1 ) and nasal congestion (p <0 . 1 ).
The results from  Control Room  B  found that there were significantly fewer 
m igraines reported (p < 0 .1), fewer sleep problems (p<0.05) and fewer problems 
w ith indigestion (p < 0 .0 0 1 ); however none o f these are norm ally related to sick 
building problems.
h i Control Room  C , there were significantly more com plaints o f backache 
(p<0.05), tension (p<0.05), depression ( p < 0 !)  and significantly fewer complaints 
o f indigestion (p<0 .0 0 1 ).
The analysis from  Control Room  D  found that there were fewer headaches 
(p <0 ! ) ,  less backache (p <0 .0 1 ) and significantly more com plaints o f lethargy 
frequently (p<0 .0 1 ).
The findings from  Control Room  E  were that there were more complaints o f sore 
dry eyes frequently than nationally (p<0 . 1 ), fewer com plaints o f depression 
(p<0.05) and significantly more problems w ith indigestion (p < 0 .0 2 ).
The fin al com parison between Control Room  F  and the national results found that 
were fewer com plaints o f eyestrain (p<0.05) and sore dry eyes (p < 0 .1).
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A  B uild in g  Sickness score was calculated for each o f the control room s using the 
symptoms w hich are associated w ith the syndrome and om itting those w hich are 
not, for example m igraine, backache, depression, sleep problem s and indigestion. 
The S B S S  was calculated on the bases o f those who had com plained frequently o f 
symptoms as described in  Chapter 2. The results o f the S B S S  are shown in Table 
3.19.
T a b le  3.19 B u ild in g  Sickness Scores
C o n tro l R oom B u ild in g  Sickness Score
A 2.75
B 2 .0 0
C 1.73
D 1.7 7
E 1.90
F 1 .2 2
National 1.64
The range o f sickness scores is  quite varied, however one interesting point is  that 
control room  A  w hich does not have air-conditioning has the highest building 
sickness score.
The questionnaire then asked if  anyone associated their symptoms with the w ork 
environment. The results are shown in  Table 3.20. Because this was an open 
question many o f the responses varied, however the most common answer is  the 
dry atmosphere at w ork increasing the symptoms.
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Table 3.20 Health Problems Associated with Work
Problem
Control Room (% )
A B C D E F Nat
Dry atmosphere 
Increases symptoms
50.0 7.1 23.8 27.8 29.4 22.2 24.3
Headaches & sore 
eyes
18.8 14.3 - - - - -
Stress increases 
symptoms
12.5 7.1 10.5 5.6 - - 9.6
Headaches & 
backache
12.5 21.4 15.8 33.3 11.8 11.1 16.4
Increase in 
symptoms at work
6.3 - - - - - -
VDU work increases 
symptoms
- 35.7 15.8 2.8 11.8 - 11.7
Air-conditioning 
increases symptoms
- 7.1 10.5 2.8 17.6 33.3 10.0
Shift work increases 
symptoms
- 7.1 - 2.8 - 22.2 4.4
General feeling of ill- 
health
- - 10.5 11.1 11.8 5.6 8.2
Light causes sore 
heads & eyes
- - 2.6 5.6 5.9 5.6 11.0
No symptoms away 
from work
- - - 7.0 11.8 - 5.0
Other - - 2.6 - - - -
The next question asked if  symptoms had changed since new technology had been 
introduced Jibe responses are shown in  Table 3 .21. A gain as this was an open 
question, responses varied greatly between each control room
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Table 3.21 Frequency of Symptoms Since New Technology
Symptom
Control Room (% )
A B C D E F Nat
Increase in symptom 
frequency
27.3 - 14.3 32.0 18.8 18.2 18.5
Increase in eye 
problems
18.2 66.7 17.9 4.0 25.0 9.1 20.2
Increase in eyes & 
headache
18.2 16.7 25.0 44.0 - 27.3 31.6
Increase in stress 
causing symptoms
9.1 - 14.3 4.0 4.8 9.1 8.2
VDU work increases 
symptoms
9.1 - 14.3 8.0 18.8 9.1 10.3
Increase in gynae 
problems
9.1 - - - - - -
Air-conditioning 
increases symptoms
- - 10.7 - 4.8 9.1 4.2
General ill-health 
increased
- - 3.6 4.0 - -
1.3
Increase in sleep 
problems
- - - - - ' 9.1 2.3
Other 9.1 16.7 - 4.0 - 9.1 3.4
H ie  last question w ith regard to health was "has your health altered since w orking 
in  this control room". The responses to this question are shown in  Table 3.22.
T a b le  3.22 Frequency of Sym ptom s Since W o rk in g  in  this C o n tro l R oom
Problem
Control Room (% )
A B C D E F Nat
Increase in 
symptom frequency
30.0 33.3 20.0 17.6 46.2 - 33.2
Increase in stress 30.0 - 6.7 5.9 - - 9.7
More tired and 
lethargic
20.0 33.3 40.0
35.3
7.7 22.2 18.4
General ill-health 
increased
10.0 33.3 20.0 5.9 - 22.2 14.8
Increase in respir. 
symptoms
10.0 - 6.7 - 30.8 33.3 14.8
Increase in absence - - 6.7 5.9 7.7 - 2.2
Constant sinusitis - - - 17.6 - 22.2 4.6
Increase in weight - - - 5.9 7.7 - 1.1
Other - - - - - - 1.1
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A gain it was found that those who had complained o f an increase in  symptoms 
com plained often or sometimes o f a ll the symptoms on the list.
3.3.9 Sickness Absence
Sickness absence data was collected from  the each control room  to examine trends 
in  absence before and after the latest up-date o f technology. Each control was 
asked for 5 years o f data including certificated and un-certificated leave. There 
were a number o f problems w ith data collection as one o f the control rooms 
(Control Room  F ) did not give any data and a second control room  had collated 
the last 10 years data into one. T h is then gave 4 control room s and the results o f 
the collection are shown in  Figure 3 .1.
The data started w ith did not give enough inform ation for a thorough analysis. It 
was therefore decided to use the inform ation to calculate the percentage o f total 
days lost. T h is can be seen in  Table 3.23. The results do not have a precise 
pattern however in  Control Room s A , B , after the introduction o f new technology 
there is  an increase the follow ing year. In  Control Room  D  there is  a slight 
decrease follow ed by an increase in  the percentage o f total days lost. The results 
from  Control Room  E  indicate a large increase concurrently w ith the up-date o f 
the control room, however the figure o f 6 %  was contributed to by one person's 
in ju ry at w ork. B y  removing this individuals data the percentage o f total days lost 
was 2 .9 % .
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Table 3.23 Percentage of Total Days Lost
Control Room 1984 1985
Year
1986 1987 1988 1989
A 7.0 5.2 1 8.0 5.2 3.5 -
B - 4.0 3.0 7.6 1.8 1 3.6
D - 7.0 6.0 4.7 1 4.6 6.4
E - 2.6 2.6 2.5 6.0 1 1.8
1 = Year of up-date of the control room
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Figure 3.1 Sickness Absence
1984 1985 1986 1987
Y e a r
1988  1989
C o n t r o l  Room A 
C o n t r o l  Room D
C o n t r o l  Room B 
C o n t ro l  Room E
* ■ La st  U p-date  of the Control Room
3.3.10 R etirem ent Data
Retirement data was obtained from  each control room  over the period o f 5 years. 
The data that was received was m inim al and it was felt that no analysis could be 
earned out using the inform ation given.
3.3.11 Stress Analysis
The O ccupational Stress Indicator (O S I) is  a means o f assessing sources o f stress 
at w ork. The indicator analyses groups o f staff w ith regard to sources o f stress at 
w ork, how people cope w ith the stress they experience, the effects the stress has 
on individuals and characteristics or behaviours o f the group, h i total 98 sets o f the 
O S I were completed in  the 6  control rooms giving a response rate o f 4 2 % .  The 
O S I has to be carried out under supervision so it was only possible to complete the 
questionnaire during the v isit to the control room
3 .3 .1 1 !  B iograph ica l Details 
3 .3 .1 1 ! !  C o n tro l R o o m  A
Ten sets ofthe O S I were completed in  this control. In  Control Room  A  the group 
was predom inately female in  the age range o f 2 1  to 36. H a lf  o f the group were 
m arried w ith w orking partners and 2  children. The group left school between 16 
and 19 years m ostly at O level standard. M ost ofthe group have membership o f a 
professional organisation. The m ajority ofthe group spent less than 5 years in  their 
present jo b  and expected prom otion in  the next 5 years.
None o fth e  group had a second jo b  and a ll were financially committed by 15 to 
8 0 %  o f their salaries. W here health was concerned the m ajority o f the group 
maintained a desired body weight and most took planned exercise but only some 
managed an ideal programme o f 15 to 30 minutes per week. O nly 3 o f the group
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were smokers but not heavy smokers and consumption had not increased. M ost o f 
the group drank alcohol but w ithin safe lim its. N o one found the need to cut down 
and no one had found then alcohol consumption had increased.
The group as a whole usually found time to wind down and a ll had interests or 
hobbies unrelated to w ork. The group did not socialise together.
Four o f the group were found to have had a stressful life  event in the last few 
months, however everyone felt healthy and no one had suffered a serious illness.
3.3.11.1.2 C o n tro l R o o m  B
Sixteen sets o f the O S I were completed in  this control room. The group was 
predom inately female and w ithin the age range o f 2 1  to 36 years. H a lf o f the 
group were m arried or co-habiting w ith a partner w orking full-tim e. The group 
left school between the ages o f 15 and 18 most w ith O  level qualifications.
M ost o f the group were members o f a professional body and had been in  the job 6 
years. How ever more senior staff had been w orking over 10  years. O nly 5 o f the 
group had responsibility for supervision. M ost o f the group expected prom otion in 
the next 5 years.
O nly one member o f the group had a second job w hich took up 4 hours per week. 
The group had financial commitments w hich took up between 2 5 %  to 9 9 %  o f their 
salaries.
The group as a whole alw ays or sometimes maintained a desired body weight but 
few took planned exercise. S ix  o f the group smoked but not heavily, however
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smoking had increased in the last 3 months.
M ost o f the group drank alcohol but again this was w ithin recommended lim its 
w ith only 2 having noticed an increase in  consumption in  the last 3 months.
The m ajority o f the group found time to wind down when needed and most had 
hobbies unrelated to w ork. The group did tend to socialise together.
W hen asked if  they had encountered a stressful life  event, over h a lf the group 
reported that they had. M ost o f the group felt healthy and only 3 o f the group had 
reported a significant illness in  the last 3 months.
3.3.11.1.3 C o n tro l R o o m  C
In  Control Room  C , 23 sets o f the O S I were completed. The group was a ll female 
and the m ajority were in  the age range o f 2 1  to 36 years. H a lf  o f the group were 
m arried or co-habiting w ith partners w orking full-tim e and children, h a lf o f whom 
were over 18.
The group left school between the ages o f 15 and 19 years old m ostly with O  level 
qualifications. H a lf o f the group were members o f a professional organisation. 
M ost o f the group had spent less than 5 years in  their present job and did not 
expect promotion.
O nly 2 members o f staff had a job outside the control and this was as a 
"housewife". The staff said that they spent between 30 and 70 hours per week 
doing this. M ost o f the group had financial commitments between 30 and 1 0 0 %  o f 
their salaries.
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The group as a whole usually or alw ays maintained a desired body weight and 
when possible took exercise; very few managed an ideal exercise programme. F ive 
o f the group smoked, but not heavily but they had found an increase in  
consumption in  the last few months.
O nly 3 o f the group did not drink alcohol and one member o f the group drank 
above recommended levels. M ost o f the group were drinking the same as usual.
A s far as relaxation was concerned most o f the group managed to find time to 
w ind down usually or when possible. A ll o f the group had outside hobbies or 
interests unrelated to w ork and h a lf socialised w ith colleagues.
H a lf  o f the group had encountered a m ajor stressful event in  the last few months, 
but most reported feeling healthy w ith only 3 reporting a significant illness in  the 
last few months.
3.3.11.1.4. C o n tro l R o o m  D
A  total o f 2 1  sets o f the O S I were completed in  this control room. The staff at this 
control room  were 5 0 %  female and 5 0 %  male and m ostly w ithin the age range o f 
2 1  to 36 years. O ver h a lf the staff were married w ith partners w orking full-tim e. 
Approxim ately h a lf o f the sample have children under 18.
The group left full-tim e education between the ages o f 15 to 24, m ostly at O  level 
standard. Tw o o f the group were members o f a professional organisation and 
most had been in  the job  for over 5 years. O ver h a lf the group did not expect 
prom otion in  the near future.
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O nly 1 o f the group had a job outside o f the control room  and this took 3 hours 
per week. The financial commitments o f the group ranged between 3 3 %  and 
1 0 0 %  o f their salaries.
The staff alw ays or usually maintained a desired body weight but only occasionally 
managed to take planned exercise. V e ry  few o f the group managed an ideal 
exercise programme.
O nly 5 o f the staff smoked but not heavily, no one had noticed an increase in 
consumption in the past 3 months. O nly 1 member o f the group did not consume 
alcohol and 3 members consumption exceeded recommended levels. M ost o f the 
group felt they were drinking no more than usual, however 2  felt the need to cut 
down.
M ost o f the group managed to find tim e to relax when out o f w ork and most had 
interests or hobbies unrelated to w ork. Few  members o f the group mixed socially 
w ith w ork colleagues.
Three-quarters o f the group felt they had encountered a m ajor stressful event in  the 
past few months. M ost o f the group felt fa irly  healthy and 4 o f the group reported 
having a significant illness in  the last 3 months.
3.3.11.1.5. C o n tro l R o o m  E
In  Control Room  E  16 sets o f the O S I were completed but no information was 
collected for the biographical section.
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3 .3! 1.1.6 Control Room F
Tw elve sets o f the O S I were completed by this group The staff were m ostly 
female and between the ages o f 2 1  to 36 years. H a lf o f the group were m arried 
w ith partners who w orked full-tim e, 4 members o f staff had children, 3 whose 
children were under 18.
The group left school between the ages o f 15 and 18 m ostly at O  Le vel standard.
It was found that 4 members o f the group were members o f a professional body. 
M ost o f the staff members had been in  the job  for less than 10 years and most felt 
they w ould get prom otion w ithin 5 years. Tw o ofthe staff had jo b s outside o f the 
control room  involving between 12  and 20 hours per week. The financial 
commitments o f the group were between 50 and 9 0 %  o f their salaries.
M ost o f the group managed to m aintain a desired body weight and managed to 
take some exercise. Few  o f the group managed to take part in  an ideal exercise 
programme every week. O nly 4 o f the group smoked but not heavily. Cigarette 
consumption had not increased. M ost o f the gr oup drank alcohol but w ithin safe 
lim its and consumption had not increased in  last 3 months.
M ost group members found time to relax when possible and most had hobbies or 
interests unrelated to w ork. H a lf ofthe group socialised w ith w ork colleagues.
Approxim ately h a lf o f the sample had experienced a stressful event over the last 
few months but most reported feeling fa irly  healthy, however 5 o f the sample had 
reported having a significant illness in  the last few months.
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3.3.11.2. The Group Profile
The group profile is  obtained by looking at the distribution o f scores o f the group 
and comparing it w ith scores from  an average range. The average range is 
obtained from  validation studies from  the authors o f the O S I. The results o f the 
groups are compared to validated norm s in  the follow ing sections.
3.3.11.3 Sources of Pressure
The O S I contains items relating to situations both at home and at w ork but 
predom inately from  the w ork situation. It was found that the group was w ithin the 
average range for pressure factors associated w ith w ork. How ever the group 
scored above average for factors such as the management role, relationships w ith 
other people, career and achievement, organisational structures and climate and 
fin ally  the hom e/work interface. T h is indicates that these are the sources of 
pressure at w ork, not the job itself.
Sources o f pressure in  control room  A  include the role o f management and how 
management expects staff to behave and relationships w ith other people -  including 
supervisors. The need to achieve and career development w ithin the job is also a 
source o f pressure as is  the structural design o f the organisation. The home/work 
interface was also found to be a source o f pressure w ithin the group and indicates 
the pressure at w ork affecting home and vice versa.
It was found that the group in  Control Room  B  scored w ithin the average range 
for stress factors associated w ith their job and those to do w ith organisational 
structures and climate. The scores for the managerial role, relationships w ith other 
people, career and achievement and the hom e/work interface were found to be
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above average. T h is indicates that the sources o f pressure w ithin the group are the 
role o f management and how management expects the group to behave, 
relationships between other people including superiors, career achievement and 
development is  another source o f stress as is  the hom e/w ork interface; events at 
w ork affecting home and vice  versa.
It was found in  group C  that pressures in  the job were not the job  itself, but the 
role o f management, relationships w ith others including supervisors, dissatisfaction 
w ith career, the organisational structure and the hom e/w ork interface.
It was found w ithin group D  that the m ain sources o f pressure w ithin the job  were 
again relationships w ith other people, career and achievement, organisational 
structure and clim ate and the hom e/w ork interface.
It was found that the m ain sources o f pressure for group E  were relationships with 
other people, career and achievement, the organisational structure and the 
hom e/w ork interface. T h is indicates that the m ain problem s are that o f coping 
w ith other people including superiors, the structure at w ork, lack  o f achievement 
and stress at home or w ork affecting each other.
In  Control Room  F  the m ain sources o f pressure were the m anagerial role, 
relationships w ith other people, career and achievement, organisation structure and 
the hom e/w ork interface. Factors involved in  the job  itse lf did not seem to be a 
source o f stress.
In  summary the m ain problems found in  every control room  were management, 
relationships w ith other people and the organisational structure.
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3.3.11.4 The Individual
This section assesses the individual at work with regard to job satisfaction, type 
"A" behaviour and total control. The scores have bean summarised in Table 3.24 
and the validated norms for comparison. The next section assess the extent of the 
Type "A" characteristics in the group as a whole. It has been found in extreme 
cases the behaviour traits of the type "A" personality are that of abruptness, time 
consciousness, competitiveness and ambition. The Type "A" has also become a 
validated independent predictor of coronary heart disease and other stress related 
problems. This is therefore an indicator of'stress prone1 behaviour.
Control at \vork was a measure of whether the groups tend to feel constrained 
within and organisation and cannot exert pressure for change.
T a b le  3.24 In d iv id u a l Stress Scores
C o n tro l room
Jo b  Satisfaction T y p e  " A ” T o ta l C o n tro l
88.3 ±  3.7 m 45.9 ±  4.9 m 33.9 ±  3.7 m
A 110 + 15.48 74.4 ±9.32 62.45 ±5.75
B 109.75 ± 15.48 69.69 ±9.01 62.4 ±5.75
C 91.87 ±23.05 70.5 ± 11.61 62.3 ±5.97
D 91.8 ±12.26 68.8 ± 10.97 64.5 ±7.05
E 92.27 ±25.8 68.8 ±6.68 6 4 ! ±7.64
F 100.5 ±12.11 69.3 ±8.3 •61.6 ±5.12
(1) — Validated norms
The scores calculated indicate that all the groups had high job satisfaction levels, a 
higher than expected prevalence of Type "A" behaviours and a lack of control at 
work.
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This section examined how the group coped with the stress it received. It was 
found that Group A tended to use task strategies and involvement. This means 
that they reorganise the work and involve themselves within the tasks they are 
doing to cope with the stress they feel.
It was found that Group B used 3 methods of coping; social support, task 
strategies and task involvement. This indicates that the group can obtain support 
form one another, reorganise the work and become absorbed in the work they are 
doing.
The methods used by Group C to cope with the stress that they experience are that 
of social support, task strategies, home and work relationships and involvement. 
This suggest?that the group use each other for support as well as support from 
outside work, reorganise the work they do and become involved in the job they are 
doing.
Group D used the methods of social support, task strategies, logic, home and work 
relationships and involvement in the job. This indicates a re-organisation of work, 
support from colleagues, adopting a rational approach to the work situation, 
taking support from home and becoming involved in the job.
The methods used by staff in Control Room E to cope with the stress they are 
experiencing are that of social support, task strategies, logic and involvement. 
This suggests that staff re-organise their work, use support from colleagues, 
become involved in the job and take a rational attitude to work.
3.3.11.5 Coping with Stress
126
It was found that the methods of coping with stress at work in Control Room F 
included social support i.e., support from colleagues, task strategies i.e., 
re-organising the job and involvement.
3.3.11.6 Stress Effects
As far as stress effects, the Group A was within the normal range for job 
satisfaction and mental ill-health. The group however did score highly above the 
validated norms for physical ill-health indicating that ailments such as indigestion, 
lethargy, palpitations, inability to sleep and headaches were occurring more than 
usual.
In Control Room B, it was found that the group were scoring above the validated 
norms for the mental and physical ill-health scales. This indicates that the group 
are suffering ill-health problems such as inability to sleep, palpitations and lethargy; 
they are also expressing mental feelings of stress at work. It was found that staff 
were experiencing below the validated norms levels of satisfaction with personal 
achievement and growth and low levels of satisfaction with organisational 
processes. However despite the above average levels of ill-health complaints the 
group as a whole reported feeling healthy in the biographical questionnaire.
The staff in Control Room C were found to have above average levels of mental 
and physical ill-health, including feelings about work and ill-health symptoms such 
as unexplained lethargy, palpitations etc. This is important to note as the 
symptoms can create problems not only with sickness absence but also with 
negative feelings towards other factors at work.
It was found that in Control Room D the staff scored highly for the sections on
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physical and mental ill-health. This suggests that the stress felt by staff is affecting 
their health and any mental ill-health may be causing negative feelings towards 
other factors at work.
In Group E, it was found that the major stress effects on the group were physical 
an mental ill-health. This could mean a loss of time through ill-health or negative 
feelings towards other job factors.
The main effects of stress in Control Room F were on mental and physical 
ill-health. This may lead to loss of time due to illness or problems with negative 
attitudes to other factors involved in control room work.
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3.4 D IS C U S S IO N
3.4.1. T h e  C o n tro l Room s Studied
The control rooms studied were chosen to represent 3 different types of workload 
(rural, metropolitan and county) and through this find out if for example rural 
controls had different problems e.g., higher stress load. It was not aimed in the 
study to compare directly each of the control rooms but rather to examine if there 
were any common problems between groups, e.g., metropolitan, county or rural. 
There can be no direct comparison made between each control room as although 
the same type of work is being carried out, there are too many confounding 
factors, e.g., different buildings, different shift systems and so on.
3.4.2. T h e  E n viro n m e n ta l Su rvey and Questionnaire Data
Again as in the previous case study, all equipment had been calibrated before use. 
As the surveys were carried out in January and December, they can only be seen as 
representing a point in time especially as monitoring was only carried out over a 24 
hour period. Therefore it cannot be said that in the summer months the same - if 
any - environmental problems are occurring.
During data collection a number of problems did occur. These included firstly the 
fact that when visiting the control rooms it was on the whole quiet i.e., not many 
emergency calls coming in. This was advantageous when carrying out interviews, 
however noise levels recorded may not be as representative as they could be.
One criticism may be that the environmental monitoring and the OSI were not 
carried out concurrently with questionnaire distribution. Questionnaire distribution 
was carried out one month earlier but during this time of year (January) the 
environment should not differ too greatly.
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Temperature in each of the control rooms was varied as would be expected. All 
the temperatures were in the range of 18 C to 26 C. What was clear from the 
results was that none of the control rooms maintained temperature of 19 to 20 C 
the recommendations from BSI ((6) 1990). The differences in temperatures 
(maximum and minimum) during the surveys was in the range of 2 C to 4 C. This 
indicates that all of the control rooms showed temperature fluctuations over the 24 
horn period. A high percentage in all the control rooms and nationally reported 
that the temperature fluctuates (60.5% to 95.7%). This was confirmed in the 
environmental monitoring and it appears that the respondents are aware of this. If 
the work of Wyon (1973) and Jaakola (1990) is correct then this may be 
increasing sleepiness and fatigue and other SBS symptoms in this sort of working 
environment.
When Table 3.5 is examined it can be seen that in control rooms B and D some 
people are complaining that it is too hot and too cold. This may be a fault in the 
questionnaire as they may be trying to say that it is too hot sometimes or too cold 
sometimes. From the questionnaire it was interesting to note that in Control 
Rooms A, C, D and F that a number of people are reporting feeling cold at night. 
This may be due to the effect of Circadian Rhythms and the drop in body 
temperature during the night.
3.4.2.2 Relative H u m id ity
Relative Humidity in Control Room A would be dependant on outside weather 
conditions as the building is naturally ventilated. During the visit humidity levels 
were within recommended limits (40 to 70 % CIBSE 1978). In Control Rooms C
3.4.2.I. Temperature
130
and D, relative humidity levels were lower than recommended and this may be 
contributing to some of the dry problems noted in the questionnaire if this is 
occurring all the time. As Smith and Webb (1991) found that by using steam 
humidification some of the dry symptoms were decreased, this may he something 
that should be incorporated more frequently into future building designs.
The responses to the questionnaire survey found that in all 6 control rooms there 
were complaints by over 50% of respondents that the air quality was dry. In 
Control Room E however 100% of respondent found the air dry but also 44% 
found the air humid. A similar pattern was obtained in the other control rooms 
apart from Control Room B. This may suggest that the respondents do not 
understand the definition of humid, as although humidity is often associated with 
warmer climates than in the UK, it may be that non-scientific people relate 
humidity to a dry environment and not a wet environment. This topic shall be 
discussed further in Chapter 5.
3.4.2.3 A i r  F lo w
Air flow in each of the control rooms was as expected different in each room. 
However 3 of the control rooms had air flow levels of 0.1 m/s or less. Tliis could 
be contributing to a stuffy atmosphere as it can mean that there is not enough air 
being circulated within the control room. During the survey the volumes of air 
brought into each control room were not measured. The contribution of 
ventilation rates and SBS are still in dispute as different researchers have found 
different results (Sundell et al 1991, Berglund 1988, Jaakola et al 1990). However 
as mentioned in the review section this may be due to high ventilation rates used in 
research studies. It is evident that there is a necessity for a lower limit on fresh air 
entering a building but as mentioned previously this was not measured in the study
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so it cannot be stated whether there was too much or too little ventilation.
hi Control Room F the ah flow rates were as high as 0.7 m/s which is a reason L for 
the complaints of draughts in the environment. Research has indicated a number 
of reasons why draughts cause discomfort problems and reasons include 
unexpected ah movement and high ah velocities. These and other problems have 
been found to cause discomfort in indoor environments (Fanger & Christensen 
1986, Houghton 1983 and Fanger & Pederson 1977 Raw 1992).
The ah quality rating found that the most common complaints were of an 
unpleasant, stuffy and dry atmosphere. However some of the difficulties in 
maintaining environmental conditions in any building can be due to the movements 
of people in and out a building, the amount of equipment and the outside weather 
conditions. For example a change in relative humidity can cause a feeling of a 
change in temperature although the temperature remains the same, but the change 
is due to different cooling rates.
However in Control Room A without ah-conditioning a similar level of 
complaints was recorded and in this control room, ventilation could be increased 
by the simple opening of windows.
In Control Rooms E and F there were a higher number of complaints of fumes and 
a smoky atmosphere. It was not obvious from either control room that the outside 
ah was coming in from any sources of fumes. However perhaps the fumes were 
not only from outside sources but rather the building, the air-conditioning system 
and the building occupants as suggested by Fanger in his work on the OLF (1988).
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When asked if they could control ventilation and temperature it was found that 
apart from Control Rooms B and D that staff had some control over these factors 
in the working environment. As there is some control this should perhaps lessen 
the effect of control and SBS symptoms. However comparing those who had 
control with those that did not does not give any new insights. This again is an 
area which deserves further research.
3.4.2.4 L ig h tin g
Lighting in the control rooms was provided by different sources. What was 
interesting was that in all but one of the control rooms, the illumination levels were 
below the recommended 300 lux (CIBSE 1989). In each of the control rooms 
there was some control over lighting.
The main complaints about lighting in the questionnaire were that glare and 
reflection problems seem to be a common occurrence. Perhaps Robertson et al 
(1989) raised an interesting issue when it was found that there were higher glare 
indices in some modem buildings compared to older buildings. The control rooms 
studied were all modem buildings and if the assumption about higher glare indices 
is coiiect, there may be increased discomfort in the control rooms from glare.
Research has found that there may be some link between the quality of lighting and 
SBS eye problems (Collins et al 1989). It was found that visual health (focusing 
the eyes and eye irritation) was closely correlated with the quality of lighting. 
Thus if lighting quality is poor in a working environment this may be causing eye 
problems at work. What is unclear is how lighting and lighting quahty will affect 
the dry symptoms of SBS.
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The concept of visual health - as in a lack of eye symptoms or visual problems - 
(Collins 1989) has not been examined as part of this study but again for further 
research it would be important to assess this concept in buildings as a possible 
means of identifying whether lighting is the only causal factor in SBS eye problems 
or other environmental factors, for example, lighting, temperature and humidity 
interact with each other.
Further problems with lighting assessments include the introduction of Display 
Screens into the working environment. This has meant that lighting has to be 
designed to be compatible with VDU use, but in many workplaces this has not 
always occurred; rather the VDUs are placed to fit in the space without any 
consideration of the lighting.
From research it has been found that light may affect SBS symptoms such as 
headache, fatigue and eye irritation (Collins et al 1989, Wallace et al 1991). In this 
study it is impossible to say whether the headache and eye symptoms are due to 
lighting or other environmental factors.
3.4.2.5 Noise
Recorded noise levels in the control room are as would be expected in any office 
environment, 55 to 70 dBA. There is no clear link between SBS and noise and 
infra-sound (Raw 1992), so it could be assumed that as the general noise levels are 
as expected, they may not be contributing to the problems found. What may be 
causing a problem in the control rooms is the use of alarms which sound whenever 
a call comes in. These alarms can at times be unexpected and could be increasing 
the stress levels of those working in this environment.
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The questionnaire data found that in most control rooms noise levels were 
acceptable during both day and night watches. In Control Room C, only 40% o f 
respondents found noise levels acceptable compared with 93.8% in Control Room 
F. From the questionnaire data it was also evident that a number of operators 
found the night watch too quiet. This may indicate a problem in that if it is too 
quiet, control room operators may not be able to remain vigilant during the longer 
night shift.
3.2.4.6 Ergonom ics
Although there were a number of different ergonomic problems noted during the 
surveys, the most common complaints were about the seating in the control rooms. 
This is something that will have to be assessed because of the Display Screen 
Equipment Regulations (HSE 1992). In Control Room B it was clear that sitting 
for long periods was a problem. This could be improved by either changing the 
seating or implementing a stand/sit workplace.
What is unclear is whether any complaints of physical discomfort at work are 
affecting the symptoms reported. Certainly complaints of backache may be due to 
the seating provided but it is not clear whether physical discomfort is contributing 
to a general malaise in this environment. Comfort itself is a very subjective and 
personal issue. It may be recommended that physical comfort at work is an area of 
future research.
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Space at work was also examined in the questionnaire and found that it was not a 
major problem
3.4.4.T T h e  Questionnaire S u rvey
The questionnaire used in the survey had been adapted for use from the 
questionnaire used in Chapter 2. The questionnaire had been found to be practical 
in assessing the health problems suffered in other buildings. The method of 
collecting data on health symptoms could be criticised as using the method of 
sometimes, often and never may not clearly quantify the extent of health problems, 
but does indicate that there are problems occurring. However in retrospect 
although the method could be criticised, it was a standardised measurement 
throughout the research.
Questionnaire returns were between 62% (Nationally) and 81% (in Control Room 
E). As mentioned in Chapter 1 it is usual to expect levels of 60% or less but they 
were fortunately higher in this survey (Oppenheim 1984). This would hopeftilly 
mean that the data collected was from a representative sample of the population. 
What is interesting to note is that the data collected nationally had the lowest 
response rate, this may be because of the less personal attention paid, compared to 
the control rooms that were visited.
3.4.2.8. Responses to H ealth Questions
The first question asked for subjective recall of sickness absence from work. It 
was found that from reported levels of subjective sickness absence that those 
people who took sick leave took between 1 to 5 days per year.
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The sickness absence data did not show any clear trends of an increase or decrease 
after the introduction of a new control room. One of the reasons for this is the 
method of data collection by the control rooms as certificated, un-certificated sick 
leave were not collected separately. With SBS the symptoms are not life- 
threatening and may cause symptoms which will encourage staff to leave work 
early through illness but not take sick leave. This is a major defect in many studies 
as sick leave may not indicate the extent of the problem and most estimates of time 
and money lost may not be accurate. It would be recommended that records are 
kept to assess how many people leave work early or take sick leave because of 
SBS symptoms.
The subjective assessment of health found that few people reported having poor 
health (2.6% in the national survey). What is interesting is that although few 
people report having poor health, the level of symptoms reporting is high (over 
70% reporting symptoms sometimes or often) in certain control rooms. It could be 
suggested that the staff in the control rooms who have the symptoms at work do 
not perceive them as a major health risk, possibly as something seen as an irritant 
at work or as something which can be "lived with" and is not a long term danger to 
their health.
As mentioned in section 3.4.1, this study did not aim to make direct comparisons 
between control rooms, rather comparisons were made to see if some controls had 
more symptoms reported than at a national level or different groups of controls 
had different problems. For example one of the questions asked in the thesis was 
what is the complaint rate of illness among control room staff and is it higher than 
expected levels. It would not be apt to compare the prevalence of ill-health 
complaints between control room staff and other office workers because of
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differences in the nature of the job, shiftworking etc. It was thought to he more 
appropriate to compare the different control rooms studied between each other 
and the national prevalence of symptoms. In the initial choosing of the control 
rooms studied, 3 particular groups were chosen, metropolitan, rural and county. 
This was purposeful as it could then be discerned if there were any patterns to 
ill-health complaints or stress problems such as metropolitan controls having a 
problem with a work overload, causing increased stress and increased ill-health. 
On an individual control room level comparisons were made between the 2 control 
rooms of each type against the national results.
The between control room comparisons found that where SBS symptoms were 
concerned, between the metropolitan controls there was significantly more tension 
and skin rashes reported in Control Room C as compared to Control Room D. 
Other differences between county control rooms were different prevalence rates of 
backache, depression and sleep problems and in rural control rooms significant 
differences of indigestion problems. It thus appears that there are similar levels of 
complaints of SBS symptoms in each control room although other symptoms seem 
to differ. This is unusual as you would expect to find different symptom 
prevalence levels in different buildings due to different environmental factors.
Between different types of control rooms it was found that the main SBS 
differences were that between rural and county control rooms, county controls had 
a higher reporting of headaches and rural controls had more eyestrain and sore dry 
eyes. Between metropolitan and county control rooms it was found that county 
control rooms had a significantly higher frequency of eyestrain and sore dry eyes. 
These again could be attributed to differences between working environments and 
different work loads not necessarily differences between working groups.
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The comparisons between each control room and the national frequency of 
complaints was to try and assess whether the control rooms visited in the survey 
had more or less symptom reporting than expected. Again it was found that there 
was no pattern to symptom reporting and each control room had individual 
differences i.e., it was not possible to say whether rural controls had more or less 
symptom reporting than at the national levels or in metropolitan or county 
controls.
The building sickness score was interesting in that it was the control room without 
air-conditioning which had the highest score. However all but one of the control 
rooms had a higher score than the national level. A quick comparison between the 
scores in this chapter and those found in Chapter 2(1.7 and 1.19) indicates that the 
control rooms do not necessarily have any more problems than other buildings in 
this research.
When asked what the association and the working environment was, it was found 
that the most common response the dry atmosphere in the control rooms. This as 
in the previous chapter indicates that the staff seem to associate the symptoms 
occurring with the environmental conditions.
What was important in this section was that a number of people reported that shift 
work was increasing the symptoms which may indicate shift work as a factor in 
contributing to SBS or differences in environmental factors during a 24 hour 
working period. This is something which should be examined further to find out if 
symptom reporting is different during different daily periods or if there are 
environmental changes during day and night shifts. Unfortunately the main people 
reporting SBS up to now have been people in office environments who do not
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usually work shifts.
The question of symptoms since the introduction of new technology resulted in a 
very varied response from the subjects, the commonest answers being an increase 
in the frequency of symptoms, increase in eye problems and headaches. What is 
difficult to ascertain is whether the findings are due to working in a new 
environment (as all the control rooms were in new buildings), working with new 
technology or a mixture of both.
The next section asked how health had altered since working in this environment. 
Again the same caveat must be used in that this is asking for historical data. The 
results were interesting in that there was found to be an increase in symptoms 
frequency, an increase in tiredness and lethargy and a general increase in 
ill-health. Unfortunately there is no independent support for this data and the 
sickness absence data did not confirm an increase in time off work due to ill-health 
when moved into the new control room.
S.4.2.9 Jo b  Satisfaction
The results of this question found that people enjoyed their work finding it 
interesting, stimulating, challenging but also repetitive and stressful. In this case it 
cannot be assumed that because the staff enjoy their job this is not a factor 
contributing to SBS. This was the reason for using the OSI with which it was 
hoped to assess the sources of any stress found on SBS symptoms.
The rural controls complained less of repetitiveness, boredom and the job being 
easy. There may be numerous reasons for this such as fewer emergency calls 
coming in allowing staff more contact with each other, a better relationship
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between control room operators or the calls being different in nature.
3.4.2.10 Stress
The OSI was a tool that was used to assess whether stress is occurring and the 
sources of stress at work. The main drawback in this study was that the completed 
OSIs and Health and Comfort Questionnaires could not be compared directly as 
the OSI is a group assessment and the health and comfort questionnaires were 
individual.
The first stage of the OSI is the biographical assessment of each group. This is to 
try and find out if there are any common factors in each group such as sex, 
financial commitments and whether there were any common crisis events in the 
past 3 months.
It was found that there was a stress effect occurring in the control rooms visited 
but it was not from the job itself but from the managerial and organisational 
structure. This indicates that staff feel unable to exert pressure on management for 
change. Usually this is an indication of change in job structure. What is interesting 
to note is that a high number of people scored above the validated norm for job 
satisfaction indicating that most were very satisfied with their jobs.
A large number of Type 'A' people completed the OSI and it must be questioned if 
this is because of psychological traits or is a necessity for the work that is being 
earned out. The main problem is that the personality characteristics are associated 
with certain stress related problems and certain stress prone behaviours. However 
it must be questioned if the stress found in the control room is having an effect on 
SBS symptoms. Hedge (1988) found that self-reported work related illnesses are
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linked to dissatisfaction with environmental factors and job stress -not job 
satisfaction. It was impossible to link the stress levels and stress symptoms found 
in both questionnaires as it was required to consent to subject confidentiality 
during the research.
From the OSI the health effects found for stress were lethargy, palpitations and 
headaches as well as other stress related problems (inability to sleep and 
indigestion). There were also mental effects attributed to stress such as negative 
attitudes towards other job factors. Hedge et al (1992 and 1993) suggest that 
work stress influences SBS symptoms. If this is the case then many of the 
symptoms can be attributed to stress at work rather than environmental conditions 
for example headaches, tension, irritation and nasal congestion. It was however 
unfortunate that the data collected in the survey could not be analysed to try to 
assess this.
Further research recommended would be to design a study method to assess 
indoor air quality, health, job satisfaction and job stress and from this to assess 
which factor or factors are causing the SBS symptoms. It may be that in some 
working environments the air quality is the main contributor and i t  can hopefully 
be dealt with in a more standardised procedure.
3.5 C O N C L U S I O N S
As found in the case study it is very difficult to attribute health complaints to one 
particular source. The main attributions for the health complaints appeared to be 
the environment (air quality), although there were other complaints made about 
factors such as lighting and workspace. With regard to the questions at the start of
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the chapter there was a high prevalence of SBS symptoms found and this did not 
vary between control rooms and the national level. The health problems that were 
occurring included SBS symptoms and other symptoms associated with shift 
workers such as indigestion and sleep problems. There was found to be evidence 
of stress at work and the effects of stress in the control rooms visited were 
associated with significantly higher levels of mental and physical ill-health.
When trying to ascertain what staff associated ill-health with, the main attribution 
was to a dry atmosphere. With the introduction of new technology into the 
control rooms, there was found to be an increase in SBS symptoms, an increase in 
eye problems and an increase in headaches. The question of whether the effects 
found were associated with either the new control room or the new technology 
were not possible to answer question, as the introduction of new technology and a 
new working environment happened simultaneously. The only information that 
was obtained was when asked about symptoms since working in this control room 
and the most common responses were that there was an increase in symptom 
frequency, an increase in stress, an increase in tiredness and lethargy and health 
had got worse.
The subjective evidence obtained found that there was no common pattern to 
sickness absence. Both sickness absence data and retirement data were found to 
be inadequate (especially retirement data) to carry out a veiy thorough analysis.
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4 .  L i g h t i n g  a n d  I t s  I n t e r a c t i o n  
W i t h  S i c k  B u i l d i n g  S y n d r o m e
4. L I G H T I N G  A N  D  I T  S I N T E R A C T I O N  W I T H  S I C K  B U I L D I N G
S Y N D R O M E  
4.1 I N T R O D U C T I O N
In the review of Sick Building Syndrome, lighting was discussed briefly as a 
possible causal factor. Before addressing the relevant research it would be apt 
to examine what light is and its qualities in the indoor environment.
4.1.1 L ig h t  and Its Qualities
Light is defined as "radiant energy that is capable of exciting the human retina 
and creating a visual sensation" (IES 1993). We are able to see objects 
because of energy emitted in the visible area of the electromagnetic spectrum as 
shown in Figure 4.1. The visible area of the electromagnetic spectrum ranges 
from 380 nanometres to 780 nanometres - between ultra-violet and infra-red 
energy.
When the human eye sees an object it is because of light hitting the object, 
some of which is absorbed and some is reflected from the object. The light that 
is reflected from the object is coloured due to the interaction of the spectral 
characteristics of the light source and the spectral absorption characteristics of 
the object. For example a blue object can appear green under a yellow light 
source.
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Figure 4.1 The Electromagnetic Spectrum
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Different light sources have different spectral characteristics. Figure 4.2 shows 
the difference in spectral characteristics in relative energy of 3 light sources, 
including natural light, tungsten lighting and fluorescent lighting. As can be 
seen from the diagram each has very different characteristics.
Figu re  4.2 T h e  Different Spectral Qualities of L ig h tin g
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Downing (1988)
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In buildings in the USA, factories had electric lighting in the 1890s, but it was 
not until 1930 that artificial lighting reached the office environment (Duffy
1991). The main problems initially with lighting in the indoor working 
environment were that of heat production from tungsten light sources.
In the 1940s fluorescent lighting was introduced, which not only alleviated the 
production of heat, but also saved energy and money. Since this point there 
has been increased use of fluorescent lighting to its widespread use at the 
present time.
4.1.2 Definitions and Te rm in o lo g y
Lighting engineers have had to define some ofthe factors involved such as how 
to measure light, in what sort of units and from research decide how much light 
there should be for a large variety of different environments. This is known as 
photometry.
The reasons for using light at work are usually threefold; to ensure that people 
are safe in the workplace, to improve the performance of work being carried 
out and to create a suitable visual environment. To do this some of the 
following photometric terms should be understood.
Lu m in o u s Intensity - the intensity of a point source of light, also known as 
candlepower and measured in candela (cd).
Illum ina tion  - the amount of light hitting a point on a surface, measured in 
lumens per square metre called Lux (Ix).
Lum inance  - the amount of light per unit area leaving a surface whether it is
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emitted or reflected, measured in candelas per square metre (cd/m3).
Reflectance - the ratio of the amount of light reflected by a surface (luminance) 
by the amount of light striking the surface (ifluminance), expressed as a unitless 
proportion.
Recommended lighting levels for specific tasks at work have been calculated 
from research carried out in the last few decades. In the United Kingdom the 
general guidelines used for lighting are the Chartered Institution of Building 
Services Engineers (CIBSE 1986, 1989) guidelines. At present these state that 
illumination levels for office work are 500 lux and for VDU work 300 lux. We 
therefore immediately have a problem as many office jobs include both these 
tasks. The guidelines are very comprehensive and allow recommendations to 
be made for most working areas including conidors (100 lux), drawing boards 
(750 lux) and deep plan general offices (750 lux). More up to date guidance 
has been supplied by BSI ((6) 1990). Recommendations for illumination levels 
in the office environment are between 300 and 500 lux measured on a 
horizontal work surface.
Some of the other terms used to describe lighting factors are that of glare and 
reflection. Glare is a term used to describe areas where one area is much 
brighter than the general illumination level of an area. There are two types of 
glare that occur from light, disability glare and discomfort glare. Disability 
glare is caused by objects in the line of sight having a higher luminance level 
than the object being looked at, for example oncoming car headlights at night. 
This reduces the ability to see the object being looked at. A second component 
of disability glare is that after images can be produced when an object such as a 
bright light source is looked at directly. In this situation the glare is interfering 
with vision and can lead to unsafe working practices.
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Discomfort glare is created in a similar way. It occurs when certain areas of an 
interior have a higher luminance level than the surrounding area but does not 
cause immediate discomfort, rather the discomfort occurs after an extended 
stay in the uncomfortable environment. Discomfort glare is a source of 
problems such as annoyance, irritability and distraction.
In the indoor environment the most common sources of glare are windows and 
lights. Windows can often be a problem if there is no means of cutting down 
on the light entering a building and lighting because of poor design of the 
luminaires or bad positioning of staff with regard to lighting.
Reflection problems occur because one surface is reflective or glossy and acts 
as a mirror to any other surface in the area. A common problem is that of 
veiling reflections on VDU screens. This can be due to surfaces with shiny 
surfaces or due to light coloured objects such as walls or desks. Reflections 
cause problems in that they can affect the performance of any operator by 
blocking a view of the task being earned out. This not only has implications 
for work performance but also safety. When using VDU screens veiling 
reflections may also create postural complaints because the user is having to sit 
awkwardly to see the screen.
Colour rendering is the ability of a light source to show the colours of any 
surface accurately. As mentioned previously the colours we see from an object 
are an interaction between the colour of the light hitting the object and the 
colour of the object. At work it is sometimes important that colours can be 
matched accurately such as electrical wiring or graphics work thus the lighting 
used must be able to render colours reliably.
The Commission Internationale de l'Eclairage (CIE 1974) have quantified an
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index for the colour rendering abilities of specific light sources. In general 
when purchasing clothes people often take the purchases out into daylight to 
check that the colours match. This indicates that daylight has a high colour 
rendering ability. The CIE have grouped different light sources together into 
five groups, IA, IB, 2, 3 and 4. Group IA is the best lighting for colour 
matching and group 4 lighting which can be used where colour rendering is not 
important.
Light sources are also grouped by the apparent colour given off by the light 
source. The grouping was again carried out by the CIE (1974) into three 
classes, warm, intermediate and cold. The groupings indicate that the colour 
given off by the light can create different environments such as using warm 
colours in cold rooms.
Contrast is a term that describes the difference in appearance of 2 objects in the 
visual field. The difference may be colour or brightness. The effect of lighting 
on any object may be to cause one object to contrast with another, thus 
allowing to see the first object. In the workplace we ofien have to read so we 
must be able to see the text. Because the text is contrasted against the paper it 
is thus visible. The visibility of any object against another is not just dependent 
on the contrast but also the luminance level and the two factors interact. To 
understand this idea imagine a person at night at a distance of 100 m lit by a 
torch. The person may be contrasted against the background but no detail will 
be visible, i f  the light level is increased the person will then be visible and 
details of their appearance will be seen.
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4.1.3 L ig h t  and H ealth
There have been a variety of claims made about light and health, but to date 
some of the mechanisms thought to be behind the physiology have not been 
clarified. The IES (1993) have collated this information and it is shown in 
Table 4.1.
Ta b le  4.1 Physiological Effects and Applications of Specific Radiations
Effects or 
Applications
Ultraviolet 
(100-400 nm)
Visible 
Near-infrared 
(380-1400 nm)
Infrared 
(over 1400 nm)
Skin Erythema
Carcinogenesis
Ageing
Drug photosensitivity 
Melanoma *
Burns
Drug Photosensitivity
Burns
Eye
Cornea
Lens
Retina
Photokeratis 
Cataracts 
Coloration 
Sclerosis 
Retinal Changes Thermal Lesion 
Photochemical Lesion 
Shock Lesion 
Solar Retinitis 
Macula Degeneration 
Loss of Visual Acuity
Burns, Shocks 
Infrared Cataracts
Phototherapy Psoriasis 
Herpes Simplex 
Dentistry
Vitiligo
Photochemotherapy 
Excemand Mycosis 
Fungoides
Retinal Detachment 
Diabetic Retinopathy 
Bilirubinemia 
Glaucoma
Removal of port wine 
stains and tattoos 
Surgery
Winter Depression 
Shift work 
Jet lag
Sustained performance 
Low Level Laser 
Therapy
•
Benefits Vitamin D
Protective
Pigmentation
Biological Rhythms 
Hormonal Activity 
Behaviour *
Radiant Heating
( IE S  1993) * = Extent of Effects Unknown Yet
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4.1.3.1 Tissue Dam age
Tissue damage from light is most usually caused by either the ultraviolet or 
infrared areas of the spectrum Ultraviolet radiation has been split into 3 forms 
by CIE (1974). The forms are UV-A (400-315 nm), UV-B (315-280 nm) and 
UV- C (280-100 nm). The effects of ultraviolet radiation are shown in Table
4.1.
Infrared light is found in the area 0O 8O nm to 1000 mm It is again split into 3 
sections, IR-A (^80-1400 nm), IR-B (1400-3000 nm) and IR-C (3000nm- 
lmm). The effects of infrared light have again been summarised by IES (1993) 
and the information is shown in Table 4.1.
However none of the effects are thought to be associated with the low levels of 
energy from normal indoor lighting so it is unnecessary to discuss this further in 
the thesis.
4.1.3.2 C irca d ia n  R h ythm s and L ig h t
In many physiological systems a number of different rhythms of activity are 
found to occur, for example in humans, the female menstrual cycle. There are 
also daily rhythms (Circadian Rhythms) in the human body such as temperature 
changes with a low temperature at approximately 5,00 a.m. and a peak at 
approximately 9.00 p.m The difference in temperature is approximately 0.7 
°C (Colquhoun et al 1968). Mental activity has also been assessed and it has 
been found that there are two personality types, those most active in the 
evening (Owls) and those most active in the morning (Larks) (Hawkins 1992). 
Cortisol also shows a change in daily rhythm with a peak in the morning and 
melatonin with a peak soon after sleep onset (Monk and Folkard 1992). There 
has been much research carried out looking at the effects of rhythms on sleep 
wake patterns and chemical rhythms during free running experiments. This
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wake patterns and chemical rhythms during free running experiments. This 
type of experiment is usually carried out in a bunker or cave and the subjects 
are allowed to sleep and wake when they want to. These studies have shown 
that in young people in free running conditions have a day length of 
approximately 25 hours occurs, but with increasing age the day length shortens 
(Wever 1979).
The interest in light, the pineal gland and melatonin production has recently 
increased due to research which found that high levels of illumination (2500 
and 1500 lux) could inhibit melatonin production (Lewy et al 1980). Because 
of the melatonin cycle (production is at its highest during the night) the 
chemical is thought to be a sleep inducer and is principally produced by the 
Pineal Gland (Lewy and Markey 1978). The pineal gland is situated deep in 
the brain tissue in humans and can receive information on light via the 
retinalhypothalamic pathway. It is theorised that some control of certain body 
rhythms is exerted via these pathways as the hypothalamus controls a variety of 
body functions and through the pituitary gland affects the body's endocrine 
system (Hawkins 1992).
The continued interest in the effect of light and melatonin production produced 
research to examine if the spectral qualities of the light used would affect 
melatonin production in a different way. Lewy (et al 1987) carried out a study 
using Full-spectrum lighting and Cool White Lighting. It was found that there 
were no differences in the effects produced by either type of lighting which 
suggest that there are no specific qualities from fluorescent lighting which will 
affect melatonin production.
Shift work has also been examined and it has been found that although working 
hours and sleeping hours may change, the circadian rhythm takes several days
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to adjust (Aschoff et al 1975). This could have a number of effects including 
working when the body expects to be asleep . This has also been suggested as 
the main cause of jet-lag as although the body may change time zones, it has to 
allow several days for the circadian rhythms to catch up (Klein et al 1972). 
Knowledge of the way in which light affects pineal function could help to 
produce a way of offsetting jet-lag. When a person crosses time zones his 
internal rhythms become out of phase with the local periods of light and dark. 
The circadian rhythms could more quickly be brought back into synchrony by 
exposure to bright light. Theoretically this treatment could also help overcome 
the effect of shift working, in which again the phasing of body rhythms are 
upset this time by night working. However this application has been poorly 
researched and has not been shown to be effective in practice.
In conclusion it has been found that light can affect the production of melatonin 
from the pineal gland and this may affect the circadian rhythms of humans.
4.1.3.3 Seasonal Affective D isorder
Another associated problem described in recent years is Seasonal Affective 
Disorder (SAD). This is a disorder where people become depressed in the 
winter months. In the last decade the interest in SAD has increased following 
the early work of Lewy et al (1982) when artificial light was used to lengthen 
daylight horns and cause a remittance of depression in a patient. This however 
was only a starting point and only a case study of one patient. Research since 
then has found that the higher levels of illumination can reduce melatonin 
secretion more quickly (Terman 1988 cited Hawkins 1992).
Hawkins (1992) suggests 3 theories as to why SAD occurs. The first is the 
melatonin hypothesis which suggests that the shortening day length in winter, 
increases the period of night time melatonin secretion. The second theory is
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that shorter day length phase shifts the circadian rhythm and the rhythm of 
melatonin secretion. The final theory is that the amplitude of the circadian 
rhythm is changed and this has been found by Skewer et al (cited Hawkins
1992).
In future it is hoped that the cause of SAD can be found and prevented. 
However the disorder does indicate that light can affect the mental and physical 
health of individuals. The symptoms of the sick building syndrome include a 
high level of complaint of lethargy, not dissimilar to SAD. It could be 
speculated therefore that this may be caused by prolonged exposure to artificial 
fighting which does not stimulate the pineal gland as effectively as natural 
sunlight. Although there may be a case for full-spectrum fighting (in which the 
phosphors produce fight that imitates the colour spectrum of sunlight) being 
beneficial - tbere is a practical limitation. Experiments have shown that the 
pineal gland is stimulated only when the eye is exposed to at least 2000 lux; 
this level of illumination is far above that found in some office environments 
and would be too high a level to work in with VDUs.
4.1.3.4 Sick B u ild in g  Syndrom e and L ig h t
The headaches, sore dry eyes and eyestrain symptoms of SBS can theoretically 
be linked with fighting at work; however as mentioned in Chapter 1, dry eyes 
can also be linked with low relative humidity and sore eyes with a sensitivity to 
airborne contaminants. In Building A it was found that out of 122 respondents, 
90.3% complained of headaches sometimes or often, 82.8% complained of 
eyestrain sometimes or often and 72.5% complained of sore dry eyes 
sometimes or often. This indicates the scale of the problem which will affect 
peoples' work performance and their attitudes to the workplace and their jobs.
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The study of lighting and SBS has been limited and the two main reports are by 
Robertson (et al 1989) and Sterling & Sterling (1983). Robertson (et al 1989) 
was inconclusive about lighting being a factor in SBS, however it did 
emphasise the need for more natural lighting in the office environment. 
Sterling & Sterling (1983) again was inconclusive as ventilation rates were 
increased when lighting was changed; therefore the environment could have 
been improved by either of these factors.
4.1.3.5 N a tu ra l and Fluorescent L ig h tin g
There has in the past been much discussion about light and health. One factor 
frequently mentioned by people at work is that they would like more natural 
light. Windows are appreciated in the office environment as areas without 
windows have in the past been described as claustrophobic or depressing and 
thought to be bad for health (Ruys 1970 cited Sundstrom 1986). Using natural 
daylight does bring its own problems especially as in the U.K. we would not be 
able to use only natural light in the winter months and levels of daylight can 
vary day to day depending on weather conditions. However designing a work 
area without windows can create more problems with staff than previously 
thought.
Studies earned out have found that working beside windows is a much sought 
after position. Wells (1965 cited Sundstrom 1986) found that out of 400 staffi 
96% preferred being near to a window. He also found that females had a 
stronger preference than males for natural daylight. Ruys (1970 cited 
Sundstrom 1986) found that in a windowless environment, 91% of staff wanted 
a window.
The presence of windows is important not only because of natural light coming 
in but also because people like to have a view or see what the weather is like.
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of isolation or timelessness. Cakir (1993) recommends in an investigation of 
the future of lighting design that windows and sources of natural light should 
be used as much as possible.
Another factor suggested by Sundstrom (1986) is that of feelings of inequality 
against those who work beside windows. Those staff without windows may 
feel that they are losing out because those with windows are better off This is 
something we have seen in several buildings because managerial staff have 
private offices with windows and secretarial staff are situated in the middle of a 
windowless open-plan environment. Sundstrom suggests that to overcome 
feelings of inequality give those away from windows other amenities which may 
alleviate some of the problems.
Fluorescent lighting is one of the most used type of lighting in the office 
environment. One of the major complaints about fluorescent lighting is the 
problem of flicker. Flicker occurs in fluorescent lighting because the electrical 
current supplied is alternating. Humans are not usually consciously aware of 
the flicker of fluorescent lighting but various research has indicated that 
although the flicker of the lights is mostly at 100 Hz (twice the mains electrical 
frequency) plus some small component at 50 Hz, the retina and the brain may 
be picking up the oscillations of the light. Rey and Rey (1963) found that 
clerical staff had better reaction times and accuracy under high frequency 
lighting at 100000 hertz compared with 50 Hz. Wilkins et al (1988) found that 
the use of high frequency fluorescent lighting - oscillating at a thousand hertz - 
reduced the number of headaches and complaints of eyestrain in a sample of 
office workers.
Grandjean (1987) also examined the problem of flicker from fluorescent 
lighting and the effect of the use of single fluorescent tubes in the workplace.
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It is assumed that humans will not be affected by single fluorescent tubes 
oscillating at 100 Hz as this is above the flicker fusion frequency. There have 
however been a number of reports that fluorescent tubes fitted singly into light 
fittings and used to illuminate workplaces can increase visual fatigue 
(Grandjean et al 1959 cited Grandjean 1987) and decrease pupillary reaction to 
light (Weiblitz et al 1983 cited Grandjean et al 1987). Masakene (1967 cited 
Brundrett 1974) found that when shifting from single phased to 3 phased 
luminaires, fatigue was not always reduced but by changing to 1000 hz it was. 
Brundrett (1974) found that in a survey of 600 office workers, there was a 
relationship between flicker, headaches, eyestrain and the age of the individual.
Today some of these problems can be overcome not only by increasing the 
frequency of the flicker of the electrical supply but also by means of phase 
shifting the electrical supply to the luminaire. In the UK it is recommended that 
single fluorescent tubes are not used but double or triple fluorescent tubes are 
selected and fitted with phase shifted equipment. The phase shifting equipment 
alters the electrical supply to each fluorescent tube and ensures that during the 
lighting cycle, illumination levels remain constant as the phase shifting changes 
the cycle of each fluorescent tube to be on a different time scale to the one next 
to it.
People complaining of eye problems at work may be suffering from a number 
of factors. The problems may be occurring because of visual fatigue or glare 
problems in the workplace. Visual fatigue can be due to uncorrected eye 
problems, factors ofthe task being carried out or environmental factors i.e., dry 
or dirty environments can cause visual discomfort (Megaw 1990). Glare and 
reflection problems at work can cause visual discomfort and fatigue as these 
factors may be causing people to work at the limit of their capabilities. 
Reflection problems may cause physical or postural discomfort as people sit in
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awkward to be able to continue with then  work.
There have been a number of claims made about the effect fluorescent lighting 
has on people at work. This has included uncorroborated reports that 
fluorescent lighting causes skin cancer (HSE 1987); these reports have been 
unsubstantiated but careless use of other types of lighting, e.g., broken metal 
halide lamps can cause a large quantity of ultraviolet light to be emitted (HSE 
1987).
4.I.3 .6 . Fu ll-spectru m  L ig h tin g
Full-spectrum lighting has received a lot of media attention in the last decade. 
Many claims have been made about this type of lighting such as improving 
performance and health. At present these reports have been uncorroborated 
(Landrus & Larking 1990), however the claims of improved performance may 
be due to the fact that the lighting has been changed not just the change in 
spectral qualities. Erikson & Kuller (1983) found in a study of 55 office 
workers, that when using daylight tubes that there were fewer complaints of 
visual fatigue Thorington (et al 1971) found similar results. Maas (et al 1974) 
using a sample of 41 students found that no differences were found in self- 
reports using 2 types of lighting - cool white and vita-lite (approximating to 
daylight spectral qualities). However improved visual acuity and less 
perceptual fatigue was found using the vita-lite tubes.
Mayron (et al 1974) found that children with hyperactive behaviour patterns 
were found to have better behaviour patterns when full-spectrum lighting tubes 
were used. Munson and Ferguson (1988 cited Kuller and Wetterberg 1993) 
found similar results but also an increase in motor precision and a decrease in 
motor strength when school children were exposed to Ml-spectrum lighting. 
O'Leary (1977 cited Kuller & Wetterberg 1993) found no significant
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differences between daylight and cool-white tubes on the behaviour of a group 
of school children.
The effects of different types of lighting (warm white and full-spectrum) were 
compared at different illuminance levels (low « 500 lux and high » 1800 lux) 
by Kuller and Wetterberg (1993). The parameters tested in this experiment 
were melatonin and cortisol levels, EEG, ECG and subjective comfort. Six 
subjects were tested in this experiment and subjects were asked to come into a 
laboratory (made into an office) into one of the four lighting conditions. The 
results found that there was more visual discomfort found with the full- 
spectrum lighting, there were no significant differences found in affective state 
in any of the conditions and no significant difference in heart rate or arrhythmia.
From the EEG significant differences were that there was more alpha rhythm 
under the daylight conditions at the lower illumination level but this was 
reversed at the higher illumination level. Alpha rhythms are usually associated 
with a relaxed state in arousal theory (Berger 1929 cited Hasset 1978). Kuller 
and Wetterberg (1993) suggest that the alpha rhythm was blocked by higher 
illumination levels and this is in line with arousal theory which suggests that 
with high levels of stimulation, alpha will be blocked. Beta rhythms were found 
to increase twice as much during the lower illuminance daylight conditions. 
Beta rhythms have been associated with alertness (Hasset 1978). Delta 
rhythms were found to be reduced under the high illuminance conditions 
suggesting that the lighting conditions had an 'awakening' effect on the central 
nervous system.
No significant differences were found between hormone levels. The authors 
conclude from this work that light is an important variable in the working 
environment as they found not only subjective changes between conditions but
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also changes in brain w ave patterns.
The research to date on full-spectrum lighting does not give any clear 
indications of whether it can or cannot improve performance of work. The 
effects found in one study have not always been repeated and it is difficult to 
change lighting conditions without subjects knowing especially as the colour 
difference between warm white and full-spectrum lighting is immense.
4.1.4 A im s
The fact that the health complaints found in the sub control rooms were SBS 
type symptoms caused a decision to be made to set up 2 experiments to assess 
whether or not full-spectrum lighting would improve the working environments 
and reduce the health complaints of the staff in two different work places. The 
first experiment was carried out in 4 police sub-control rooms and the second 
in an office environment. Police sub-control are control rooms based in the 
community at smaller local police stations. The sub-control room is usually 
badly designed with poor environmental conditions although this is currently 
under review. The second experiment was carried out in an office.
The aim of the experiments was to assess objectively and subjectively whether 
there were any differences in certain aspects of performance and prevalence of 
health and comfort complaints under the 2 different lighting conditions.
4.2 M E T H O D
4.2.1 Experim ent 1.
The first experiment was carried out in 4 police sub-control rooms. The first 
two control rooms were used as controls and the lighting was not changed in 
either control room 1 or 2. The second control rooms were used for the
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experiment and lighting was changed to full-spectrum fluorescent tubes in 
Control Room 3 for the first month of the study and for the second month in 
Control Room 4. A within-subject experimental design was used. Subjects 
were also asked to use the lighting as much as possible and they were not made 
aware of what type of lighting was in use in each control room. Measurements 
were made in both control rooms at two month intervals. Table 4.1 shows the 
experimental design.
Ta b le  4.2 Experim ental Design for Experim ent O ne
C o n tro l R oom 1 M o n th 1 M o n th
I and 2 Warm White Warm White
3 Full-spectrum Warm White
4 Warm White Full-spectrum
The measurements carried out included Critical Flicker Fusion (CFF), Choice 
Reaction Times (CRT) and an Arousal/Stress Questionnaire. CFF and CRT 
have been used to monitor the effects of fatigue and psychotropic drugs 
(Bashera & Grandjean 1979, Hindmarch & Subhan 1983). CFF has also been 
used to assess the human responses to different frequencies of lighting 
(Zaccaria & Bitterman 1952).
The Arousal/Stress questionnaire was designed by Mackay (et al 1978) to 
assess quickly peoples moods and state of mind. A copy of the questionnaire 
can be seen in Appendix D .
It was aimed to assess health and comfort in this experiment, however due to 
time constraints on the subjects, a Health and Comfort rating was only used in 
the office environment and participants were asked to state whether they had 
any symptoms from a given list.
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CFF and CRT were measured using a Psychomotor tester. This equipment was 
designed to be portable and to easily administer the 2 tests. CFF was measured 
by giving the subjects 6 presentations, 3 increasing the frequency of flicker and 
3 decreasing the frequency of the flicker. The CFF was calculated by taking the 
mean of the 6 presentations after the method of Baschera and Grandjean 
(1979). CRT was measured by presenting each subject with 30 reaction times. 
There were 5 possible lights which could light up on the psychomotor tester. 
The mean of the 30 presentations was calculated to obtain the result.
All measures of performance and health and comfort were carried out at the 
start and end of each shift. The times that monitoring occurred would depend 
on the shift each operator was on, for example day shift is from 6.00 am to
2.00 pm, late shift; is from 2.00 pm to 10.00 pm and night shift is from 10.00 
pm to 6.00 am.
4.3.2 Experim ent 2
Experiment 2 consisted of 2 experimental conditions one with warm white 
fluorescent lighting in place for 2 months and the second with full-spectrum 
lighting in place for 2 months. Table 4.2 shows the experimental design.
Ta b le  4.3 Experim ental Design for Experim ent 2
2 M onths 2 M onths
C o n d itio n Warm White Full-spectrum
In experiment two, the same four subjects were tested during each session. 
The same measurements were carried out at 4 times during the day, 09.30, 
11.30, 13.30 and 15.30. This was mainly because access was allowed to the 
subjects and the working day was 09.00 to 17.00. A subjective health and 
comfort rating was used at each of the monitoring times (see Appendix E).
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The rating involved subjects scoring on a 10 cm line how they felt at the time 
of assessment.
4.3 R E S U L T S
4.3.1 T h e  C o n tro l R oom  Staff
The control room staff consisted of control room operators (also full time 
police officers). Then age range was between 20 and 45 years and 2 of the 
operators were female, the rest male.
The results from the control room experiments were collated and are as 
follows.
Lighting measurements were carried out in all the control rooms and ranged 
from 350 to 500 lux. In only one control room, (control room 3) was there any 
access to natural light.
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Table 4.4 Subject A Control Room 1
Critical Flicker Fusion
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
27.33
26.15
31.53
25.7
28.58
27.03
Second Test Session
06.00 - 14.00 
14.00-22.00
22.00 - 06.00
31.78
29.37
29.87
32.13
30.48
26.37
Choice Reaction T im e
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.736
0.621
0.724
0.650
0.577
0.644
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.778
0.582
0.637
0.696
0.345
0.702
A rousal and Stress Scores
First Test Session
Arousal Stress
06.00 - 14.00 6 6 2 0
14.00 - 22.00 12 12 0 1
22.00 - 06.00 3 2 2 1
Second Test Session
06.00 - 14.00 6 6 5 0
14.00 - 22.00 12 12 3 3
22.00 - 06.00 4 8 5
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Table 4.5 Subject A Results of Symptoms Questionnaire
Symptom
Control Pre Tests (Warm White Fluorescent)
Shift
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N Y Y N Y
Headache N N Y N N Y
Dizziness N N N N N Y
Lethargy N N N N N Y
Sore dry eyes Y N Y Y Y N
Grit in the eyes Y Y N Y Y Y
Tired eyes Y Y Y Y Y N
Blocked nose Y Y Y N N N
Dry throat Y Y Y N N N
Skin rashes N Y N N N N
Allergy N N Y Y N N
Colds/Flu N Y Y Y N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Control Post Tests (Warm White Fluorescent)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N N N N
Headache Y N N Y Y N
Dizziness N N N N N N
Lethargy N N N N N N
Sore dry eyes Y N N N N N
Grit in the eyes N N N N N N
Tired eyes N Y N N N N
Blocked nose Y Y N N N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N Y Y N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N Y N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4.6 Subject B Control Room 1
C ritic a l Flicker Fusion
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
26.05
27.2
27.77
27.1
26.7
28.5
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
28.53
29.43
27.2
28.15
28.25
28.13
Choice Reaction T im e
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.696
0.53
0.79
0.629
0.54
0.748
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.606
0.453
0.747
0.686
0.686
0.78
A rousal and Stress Scores
First Test Session
06.00 - 14.00 11
Arousal
9 0
14.00 - 22.00 8 4 4
22.00 - 06.00 6 1 7
Second Test Session
06.00 - 14.00 12 8 0
14.00 - 22.00 12 8 2
22.00 - 06.00 5 5 8
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Table 4.7 Subject B Results of Symptoms Questionnaire
Symptom
Control Pre Tests (Warm White Fluorescent)
Shift
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am 
6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N N N Y
Headache Y Y N N N Y
Dizziness N N N N N Y
Lethargy N Y N N N N
Sore dry eyes N N N N N N
Grit in the eyes N N N N N N
Tired eyes Y N Y N N N
Blocked nose N N N N N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Control Post Tests (Warm White Fluorescent)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N N N N
Headache N Y N N N N
Dizziness N N N N N N
Lethargy N N N N N N
Sore dry eyes N N N N N N
Grit in the eyes N N Y Y N N
Tired eyes N Y N Y N N
Blocked nose N N N N N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4.8 Subject C Control Room 2
Critical Flicker Fusion
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
26.92
23.05
31.77
22.48
23.42
31.05
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
25.52
32.03
21.4
26.28
31.21
22.72
Choice Reaction Time
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.635
0.584
0.712
0.627
0.62
0.703
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.654
0.732
0.627
0.68
Arousal and Stress Scores
First Test Session
Arousal Stress
06.00- 14.00 9 8 0 2
14.00-22.00 11 8 1 4
22.00-06.00 1 6 1 8
Second Test Session
06.00 - 14.00 8 4 1 3
14.00-22.00 4 3 11 8
22.00- 06.00 7 2 3 2
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Table 4.9 Subject C Results of Symptoms Questionnaire
Symptom
Control Pre Tests (Warm White Fluorescent)
Shift
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N N N N
Headache N N N N N N
Dizziness N N N N N N
Lethargy N N N N N N
Sore dry eyes N N N N Y N
Grit in the eyes N Y N N Y N
Tired eyes N N N Y Y N
Blocked nose N N N N N N
Dry throat N N N N N .N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Control Post Tests (Warm White Fluorescent)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N N N N
Headache N N Y N N N
Dizziness N N N N N N
Lethargy N N N N N N
Sore dry eyes Y Y N N N N
Grit in the eyes Y Y N N N N
Tired eyes Y Y N N N N
Blocked nose N N N N N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N Y Y N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4.10 Subject D Control Room 2
Critical Flicker Fusion
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
37.62
32.0
36.87
31.85
37.3
32.91
Second Test Session
06.00 - 14.00 
14.00- 22.00
22.00 - 06.00
37.97
27.28
36.02
37.37
25.92
37.45
Choice Reaction Time
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.814
0.892
0.948
0.638
0.753
0.696
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
1.948
0.682
0.642
0.835
0.324
0.293
Arousal and Stress Scores
First Test Session
Arousal Stress
06.00 - 14.00 7 11 1
14.00 - 22.00 11 12 0
22.00 - 06.00 7 3 0
Second Test Session
06.00 - 14.00 9 7 1
14.00 - 22.00 - - -
22.00 - 06.00 7 2 7
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Table 4!1  Subject D Results of Symptoms Questionnaire
Symptom
Control Pre Tests (Warm White Fluorescent)
Shift
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to
6.00 2.00 2.00 10.00 10.00
6.00 am 
6.00
Migraine N N N N N N
Headache Y Y N N N N
Dizziness N N N N N N
Lethargy Y Y N N Y N
Sore dry eyes N N N N N N
Grit in the eyes N N N N N N
Tired eyes Y Y N N Y N
Blocked nose N N N N N Y
Dry throat Y Y N N N N
Skin rashes Y N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N Y N N Y N
Aching legs N N N N N N
Hot aching feet N N N N N N
Control Post Tests (Warm White Fluorescent)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N Y N N
Headache N Y Y N Y Y
Dizziness N N N N N N
Lethargy Y Y Y N N N
Sore dry eyes N N Y N N N
Grit iii the eyes N N N N N N .
Tired eyes Y N Y N N N
Blocked nose Y N Y N N N
Dry throat Y N N N N N
Skin rashes Y N Y N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N Y N N N
Aching legs N Y N N N N
Hot aching feet N N N N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4.12 Subject E Control Room 3
Critical Flicker Fusion
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06,00
28.77
24.16
31.74
Second Test Session
06.00 - 14.00
14.00- 22.00
22.00- 06.00
31.2
29.93
28.33
Choice Reaction Time
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.643
0.598
0.601
Second Test Session
06.00 - 14.00 
14.00- 22.00
22.00 - 06.00
0.623
0.764
0.684
Arousal and Stress Scores
First Test Session
06.00 - 14.00 5
14.00 - 22.00 12
22.00 - 06.00 5
Second Test Session
06.00 - 14.00 8
14.00 - 22.00 12
22.00 - 06.00 4
25.7
24.17
29.18
30.62
26.82
28.12
0.628
0.61
0.626
0.568
0.72
0.765
Arousal Stress
6 6 2
12 1 1
1 4 5
6 5 2
3 3 7
5 5 8
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Table 4.13 Subject E Results of Symptoms Questionnaire
Symptom
6.00 am to 2.00 pin
6.00 2.00
Pre Tests (Full-spectrum) 
Shift
2.00 pm to 10.00 pm 
2.00 10.00
10.00 pm to 6.00 am 
10.00 6.00
Migraine N N N N N N
Headache N N N N N N
Dizziness N N N N N N
Lethargy N N N N N N
Sore dry eyes N N N N N N
Grit in the eyes N N Y N N N
Tired eyes N N Y N N N
Blocked nose Y N N N N N
Dry throat Y N Y N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N Y N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Post Tests (Warm White Fluorescent)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N Y N N N
Headache N N N N N Y
Dizziness N Y N N N Y
Lethargy N N N N N N
Sore dry eyes N N N Y Y Y
Grit in the eyes N N N N Y N
Tired eyes N N Y N N N
Blocked nose N N N N N N
Dry throat N N N N N N
Skin rashes N N N N Y N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N Y N N N
Aching legs N N Y N N N
Hot aching feet N N Y N Y N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4.14 Subject F Control Room 3
Critical Flicker Fusion
First Test Session
06.00 - 14.00 
14.00- 22.00
22.00 - 06.00
26.72
26.57
25.58
25.03 
23.28
23.03
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
25.83
28.92
26.62
22.03
27.97
25.68
Choice Reaction Time
First Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.611
0.582
0.596
0.597
0.558
0.688
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.71
0.74
0.735
0.690
0.707
0.677
Arousal and Stress Scores
First Test Session
Arousal Stress
06.00 - 14.00 3 7 0 0
14.00 - 22.00 8 8 1 5
22.00 - 06.00 4 5 7 9
Second Test Session
06.00 - 14.00 5 5 9 8
14.00 - 22.00 5 4 8 8
22.00- 06.00 - 3 - 0
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Table 4 !5  Subject F Results of Symptoms Questionnaire
Symptom
6.00 am to 2.00 pm 
6.00 2.00
Pre Tests (Full-spectrum) 
Shift
2.00 pm to 10.00 pm 
2.00 10.00
10.00 pm to 6.00 am 
10.00 6.00
Migraine N N N N N N
Headache Y N N N N N
Dizziness N N N N N N
Lethargy N N N Y N N
Sore dry eyes N N N N N Y
Grit in the eyes N N N N N Y
Tired eyes N N N Y N Y
Blocked nose N N N N Y N
Dry throat N N Y Y N N
Skin rashes N Y N N Y N
Allergy N N Y Y Y N
Colds/Flu Y N N N N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N Y N N N N
Post Tests (Warm White Fluorescent)
6.00 am to 2.00 pm 2.00 pm to 10,00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine Y N N N N Y
Headache N Y N N N Y
Dizziness N Y N N N Y
Lethargy N N N N N Y
Sore dry eyes N N N Y N N
Grit in the eyes N N N N N N
Tired eyes N N N N N N
Blocked nose N Y N N Y Y
Dry throat N Y N N Y Y
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N Y N N N Y
Backache N N N N N Y
Aching legs N N N N N N
Hot aching feet N N N N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4.16 Subject G Control Room 4
Critical Flicker Fusion
First Test Session
06.00 - 14.00 
14.00-22.00
22.00 - 06.00
25.93
33.46
25.37
26.22
29.13
25.38
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
26.03
27.75
31.06
29.32 
28.22
29.33
Choice Reaction Time
First Test Session
06.00 - 14.00 
14.00- 22.00
22.00 - 06.00
0.696
0.621
0.698
0.844
0.757
Second Test Session
06.00 - 14.00
14.00 - 22.00
22.00 - 06.00
0.691
0.684
0.736
0.735
0.733
0.758
Arousal and Stress Scores
Fust Test Session
06.00 - 14.00 1
Arousal
5 1
14.00 - 22.00 5 7 2
22.00 - 06.00 1 7 8
Second Test Session
06.00 - 14.00 10 7 18
14.00 - 22.00 4 - 8
22.00 - 06.00 - - -
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Table 4.17 Subject G Results of Symptoms Questionnaire
Symptom
Pre Tests (Warm-white Fluorescent)
Shift
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm
6.00 2.00 2.00 10.00 10.00
to 6.00 am 
6.00
Migraine N N N N N N
Headache Y Y N N Y N
Dizziness N N N N N N
Lethargy Y N N N N N
Sore dry eyes N N N N N N
Grit in the eyes N N N N N N
Tired eyes Y N N N N N
Blocked nose N N N N N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Post Tests (Full-spectrum)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N Y N N
Headache N N N N N Y
Dizziness N N N N N N
Lethargy N Y N N N Y
Sore dry eyes N N N N N Y
Grit in the eyes N N N N N Y
Tired eyes N N N N N Y
Blocked nose N N N Y N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N Y Y Y N
Backache N Y N Y Y N
Aching legs N N N Y N N
Hot aching feet N N N N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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Table 4 !8  Subject H Control Room 4
Critical Flicker Fusion
First Test Session
06.00 - 14.00 26.33 25.52
14.00 - 22.00 26.15 23.83
22.00- 06.00 27.85 28.68
Second Test Session
06.00 - 14.00 27.82 26.87
14.00 - 22.00 26.8 26.93
22.00 - 06.00 24.2 27.65
Choice Reaction Time
First Test Session
06.00- 14.00 0.581 0.552
14.00 - 22.00 0.589 0.592
22.00- 06.00 0.599 0.593
Second Test Session
06.00 - 14.00 0.646 0.64
14.00-22.00 0.78 0.732
22.00 - 06.00 0.737 0.755
Arousal and Stress Scores
First Test Session
Arousal
06.00 - 14.00 10
14.00 - 22.00 11
22.00 - 06.00 12
Second Test Session
06.00 - 14.00 9
14.00 - 22.00 6
22.00 - 06.00 5
Stress
9 2 2
11 0 2
9 0 0
0
5 5 11
11 9 6
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Table 4.19 Subject H Results of Symptoms Questionnaire
Symptom
Pre Tests (Warm-white Fluorescent)
Shift
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N N N N N
Headache N N N N N Y
Dizziness N N N N N N
Lethargy N N N N Y N
Sore dry eyes N N N N N N
Grit in the eyes N N N N N N
Tired eyes Y N Y N N Y
Blocked nose N N N N N N
Dry throat N N Y N N . N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N N N N N
Aching legs N N N N Y Y
Hot aching feet N N N N N N
Post Tests (Full-spectrum)
6.00 am to 2.00 pm 2.00 pm to 10.00 pm 10.00 pm to 6.00 am
Symptom 6.00 2.00 2.00 10.00 10.00 6.00
Migraine N N Y N N N
Headache N N N N N N
Dizziness N N N N N N
Lethargy N N N N N N
Sore dry eyes N N N Y N N
Grit in the eyes N N N Y N N
Tired eyes Y Y N Y N N
Blocked nose N N N N N N
Dry throat N N N N N N
Skin rashes N N N N N N
Allergy N N N N N N
Colds/Flu N N N N N N
Backache N N N N N N
Aching legs N N N N N N
Hot aching feet N N N N N N
Y = Yes to symptom occurrence N = No to symptoms occurrence
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The results were analysed using the MINTTAB statistical package. It was 
found that there were no significant differences between those who had worked 
under Tru-lite and those who had acted as controls. The statistics used were 
the Two Sample T-test for the CFF, CRT and Stress/Arousal checklist as a 
within subject experimental design was used. The results for symptoms were 
analysed to assess whether there were any significant differences using Page's L 
Trend. There were found to be no significant differences between any of the 
experimental conditions.
4.3.2 The Office Workers
Data was collected in a similar way in this experiment.
The subject group were in the age range of 45 to 50 years old and there were 
three females and one male in the group.
Lighting measurements were earned out in the office and were between 400 to 
550 lux. Illumination levels were affected by outside weather conditions as 
there were large windows in the office building and naturally when sunny, this 
would increase illumination levels.
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Table 4.20 Critical Flicker Fusion
Subject
A B C D
Warm White
09.30 26.23 26.36 28.6 30.97
11.30 28.9 25.59 28.83 29.78
13.30 25.4 26.03 27.88 28.9
15.30 27.23 27.2 28.58 28.46
Tru-lite
09.30 27.97 23.77 27.98 26.83
11.30 26.68 25.45 27.15 27.22
13.30 27.0 23.9 27.32 28.03
15.30 27.48 23.7 26.82 27.13
Table 4.21 Choice Reaction Time Results
Subject
A B C D
Warm White
09.30 0.711 0.793 0.652 0.681
11.30 1.134 0.646 0.837 0.599
13.30 0.628 0.647 0.687 0.653
15.30 0.899 0.651 0.644 0.835
Tru-lite
09.30 0.67 0.625 0.621 0.675
11.30 0.423 0.63 0.664 0.678
13.30 0.579 0.684 0.729 0.567
15.30 0.592 0.6 0.811 0.644
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Table 4.22 Arousal and Stress Results
Subject
A B C D
Warm White
A S A S A S A S
09.30 6 2 7 0 8 1 8 3
11.30 7 2 9 0 8 0 11 4
13.30 7 0 10 0 8 0 3 3
15.30 7 0 8 0 9 4 6 0
Tm-lite
A S A S A S A S
09.30 12 0 6 2 11 1 10 0
11.30 12 0 9 2 9 0 11 3
13.30 12 0 9 1 8 0 7 3
15.30 12 0 12 0 7 - 9 1
The results have also been collated graphically and can be seen in the following 
4 figures.
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Figure 4.3 CFF Results
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Figure 4.4 CRT Results
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Figure 4.5 Arousal Results
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Figure 4.6 Stress Results
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T a b le  4 !5  S u b je ct A  H ealth  and C o m fo rt R a tin g
The Health and Comfort Rating gave the following responses.
Rating
9.30
W a r m  White 
11.30 1.30
Time 
3.30 9.30
Full-spectrum 
11.30 1.30 3.30
Too hot to too cold 4 5 3 5 5 5 5 1
Pleasant to unpleasant - 5 5 5 5 5 3 4
Stuffy to fresh - 5 5 5 1 5 4 3
Dry to humid - 5 5 5 5 5 4 5
Quiet to too noisy - 5 5 5 1 7 4 5
Too bright to too dim 1 5 3 5 1 1 1 2
Uncomfortable to comfortable 5 9 7 5 5 6 4 5
Alert to lethargic 5 2 3 5 0 4 2 3
Extremely tired to active 7 6 5 7 8 4 6 5
Worst to best 5 7 5 5 5 4 4 5
T a b le  4 .16  S u b je ct A  Sym ptom s D u rin g  the S tu d y P eriod
Time 
W a r m  white
Symptoms
9.30 Headache Sore dry eyes
11.30 Tired eyes
1.30
3.30 Headache Sore dry eyes Grit in the eyes
Full-spectrum
9.30 Tired eyes
11.30 Tired eyes Sore dry eyes
1.30
3,30
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Table 4.17 Subject B Health and Comfort Rating
Rating
9.30
W a r m  White 
11.30 1.30
Time 
3.30 9.30
Full-spectrum 
11.30 1.30 3.30
Too hot to too cold 2 3 5 5 5 5 4 5
Pleasant to unpleasant 5 5 5 2 5 - 4 5
Stuffy to fresh 3 4 3 5 0 5 0 5
Dry to humid 1 1 1 0 0 1 0 0
Quiet to too noisy 5 4 5 5 0 5 4 7
Too bright to too dim 5 5 5 5 0 1 0 0
Uncomfortable to comfortable 5 7 8 8 5 5 6 7
Alert to lethargic 5 5 6 3 0 1 1 1
Extremely tired to active 5 5 8 8 9 9 9 9
Worst to best 5 5 6 6 5 5 5 6
T a b le  4 .18  S u b je ct B  Sym ptom s D u rin g  the S tu d y P eriod
Time 
W a r m  white
Symptoms
9.30 Sore dry eyes Tired eyes
11.30 Headache Sore diy eyes Tired eyes
1.30
3.30 Sore dry eyes Tired eyes Dry throat
Full-spectrum
9.30
11.30
1.30
3.30
Dry throat 
Tired eyes Dry throat
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Table 4.19 Subject C Health and Comfort Rating
Rating
9,30
W a r m  White 
11.30 1.30
Time 
3.30 9.30
Full-spectrum 
11.30 1.30 3.30
Too hot to too cold 5 5 5 5 5 2 5 7
Pleasant to unpleasant 5 5 5 5 5 5 5 5
Stuffy to fresh 5 5 5 5 9 5 9 8
Dry to humid 5 5 5 5 5 5 5 5
Quiet to too noisy 5 5 5 5 5 5 5 5
Too bright to too dim 6 5 5 5 1 2 1 5
Uncomfortable to comfortable 9 9 9 9 9 9 9 9
Alert to lethargic 1 1 1 1 5 1 2 1
Extremely tired to active 9 9 9 9 8 9 9 9
Worst to best 9 9 9 5 5 7 8 ' 9
T a b le  4.20 S u b je ct C  Sym ptom s D u rin g  the S tu d y P erio d
Time 
W a r m  white
Symptoms
9.30 Tired eyes Skin rashes
11.30 Tired eyes Skin rashes
1.30 Skin rashes
3.30
Full-spectrum
9.30 Grit in the eyes Skin rashes
11.30 Skin rashes Allergy
1.30 Skin rashes Allergy
3.30 Skin rashes
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Table 4.21 Subject D Health and Comfort Rating
Time
Rating W a r m White Full-spectrum
9.30 11.30 1.30 3.30 9.30 11.30 1.30 3.30
Too hot to too cold 2 2 4 4 4 4 2 3
Pleasant to unpleasant 2 4 5 4 4 4 6 6
Stuffy to fresh 2 2 3 2 1 0 1 2
Dry to humid 2 2 3 2 1 3 4 2
Quiet to too noisy 7 7 5 9 8 7 7 9
Too bright to too dim 4 5 5 4 5 4 4 5 j
Uncomfortable to comfortable 8 8 7 4 9 6 8 8
Alert to lethargic 5 5 3 4 2 6 5 3
Extremely tired to active 7 7 7 4 2 6 4 4
Worst to best 6 5 5 4 8 6 4 5
Table 4.22 Subject D Symptoms During the Study Period
Time 
W a r m  white
Symptoms
9.30 Headache Tired eyes Grit in the eyes
11.30 Tired eyes
1.30 Tired eyes
3.30 Tired eyes
Full-spectrum N o  Symptoms Reported
9.30
11.30
1.30
3.30
A nalysis was carried out using the M IN IT A B  statistical package. A gain a Tw o 
sample T-test was used to assess whether there were any significant differences 
from  the psychomotor tests and the stress and arousal checklist. There were 
found to be no significant differences between the 2  types o f lighting.
The health and comfort rating were analysed using M IN IT A B  and the M ann- 
W hitney-W ilcoxon test. A gain no significant differences were found in  the self 
rating o f health and comfort at w ork during the study.
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The symptom reporting showed no clear pattern between the two conditions. 
O nly one subject did not have any symptoms in the full-spectrum  condition and 
this is  not enough to prove significant differences.
4.4 DISCUSSION
One o f the main criticism s o f the experiment is  that the number o f subjects in 
each o f the two experiments was quite low. Although no significant differences 
were found this may be due to the sm all sample size. I f  the exercise was to be 
repeated it w ould be recommended that a much larger sample size o f at least 
twenty subjects be tested.
The experiment w as designed as a single blind study in  that the subjects were 
not aware o f when lighting was changed. It is possible however that they were 
aware o f a change to the colour o f the lighting. The experimental design was 
intended to prevent any effect o f bias when the lighting was changed over. 
The performance measures used ■ C F F  and C R T ) have been used frequently in 
assessing fatigue, the effect o f drugs and driving ability as they are good at 
assessing subtle changes. It was hoped in  the experiment that these measures 
would be able to p ick up any changes in  performance if  they occurred. Both 
measures showed no significant difference in the experiments and it could be 
concluded that performance using C F F  and C R T  was neither improved or 
deteriorated using fiill-spectrum  hghting.
The stress and arousal questionnaires showed the same results as there were no 
significant differences in  stress and arousal levels in either condition. The stress 
arousal checklist is  used as a means o f quickly assessing stress and arousal in a 
population. It may be that this checklist is  not sensitive enough to pick up
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sm all changes that m ay have occurred in  the workplace. A  second factor is 
that the checklist m ay have been affected by extraneous factors such as 
w orkload - especially in  the sub-control rooms where emergency calls are 
answered. T h is may have overridden any effects o f different lighting. 
How ever the use of C F F  and C R T  should have shown any differences in arousal 
states if  they were occurring.
Symptom reporting in  the experiment was carried out differently than in 
chapters one and two. It was perceived that because o f the poor ambient 
conditions in  the control rooms that there would be a higher number o f 
complaints than the number that were found. The results found that there were 
no significant differences between the prevalence o f com plaints, but there had 
not been a high prevalence o f complaints in the experiment. In  experiment 2 
there did seem to be a number o f eye complaints, but this was not alleviated 
(apart from  one subject) by the use o f full-spectrum  lighting. It would be 
recommended that any future w ork linking SB S w ith lighting should be carried 
out in  buildings w ith a higher prevalence o f symptoms.
h i experiment 2  there was more time available to be spent w ith subjects and it 
was decided to use a subjective measure o f comfort rating at w ork. A gain the 
results showed no significant difference between either lighting condition. It 
was thought that at this point if  subjects were aware of any differences in 
the lighting, this w ould be mentioned during the second phase o f experiment 2 . 
None o f the subjects mentioned that they were aware o f any changes. One 
factor w hich may have affected the outcome in experiment 2  is that the 
windows were large and external lighting may have overpowered any effects 
from  the fu ll- spectrum source. I f  this had been the case, there w ould have been 
differences shown in experiment 1 as staff were w orking shift w ork and there 
w ould be no effect from  natural light at night.
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One possible shortcoming o f the experiment may be that glare indices were not 
calculated nor any measure o f v isu al comfort. It was thought however that the 
change in  lighting did not change the illum ination level and w ould not thus 
have changed the glare index. It w ould be recommended that if  repeating the 
experiment, that glare measurements and visu al comfort should be assessed.
4.5 CONCLUSION
T h is experiment has indicated that on the sm all population tested, full-spectrum  
lighting has no affect on certain performance tasks. Although the results 
w ould need to be confirmed w ith a larger sample size, the outcome o f the study 
does not indicate that full-spectrum  lighting w ould be effective in  counteracting 
the symptoms o f SB S .
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5 .  G e n e r a l  C o n c l u s i o n s
The research has given an indication o f how large the S B S  problem  is  and how 
difficult it is to obtain any specific answers as to causes and effects. What 
occupants attributed their health complaints to was not clear. Fo r example the 
response was often that there were no health complaints away from  w ork. Th is does 
however indicate that symptoms are associated w ith the w orkplace.
A nalysis o f different population groups such as sex, job type and whether the. 
individual smoked were also examined. When examining symptom reporting 
between males and females it was found that females reported more symptoms 
but this differed in each building. N o significant differences were found 
between different job  types and only certain specific symptoms were reported 
by smokers.
A n  important factor found during the environmental survey was that 
environmental parameters were not w ithin recommended levels at all periods o f 
the day. Th is in  itse lf m ay be having an adverse effect on those responses 
w hich relate to ambient conditions. How ever recommended levels are set as 
guidance for design and control and a considerable m argin m ay exist either side 
o f the guideline values before significant symptoms would be expected.
A n  examination o f S B S  and occupational stress was also carried out. This 
research examined the complaint rate o f symptoms, job stress and attribution of 
the cause o f symptoms. The conclusions in general were that staff attributed 
health complaints to the environment (a dry atmosphere), lighting and 
workspace. It was found that there was a high prevalence o f S B S  symptoms 
among control room  staff both at a local and national level. Other symptoms 
also found included indigestion and sleep problems w hich often accompany
5. GENERAL CONCLUSIONS
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shift w ork. The O ccupational Stress Indicator found that there was a stress 
effect occurring at w ork. W hat was not clear was how much o f an effect the 
stress levels were having on occupant's perceptions o f environmental factors 
and S B S  symptoms. A gain  in  this study environmental factors were not always 
w ithin recommended levels.
Another aim  was to try to assess whether the symptoms were due to 
environmental changes in  newer control rooms or if  they were due to the 
introduction o f technology. In  a ll the control rooms visited, a new control 
room  had been built to house the new equipment. How ever, as the new 
developments were carried out sim ultaneously this could only be carried out 
historically.
Another issue raised was what do individuals mean by good air quality and 
"fresh air". Anecdotally there are reports o f staff w ishing to open windows in 
air-conditioned buildings in  city centres. Th is does not seem logical as inner 
city areas are usually more polluted outdoors than indoors. Th is raises the 
issue o f what is  good air quality. T h is could be quantified by experiment and 
questionnaire as Fanger as tried to do. How ever the concept o f ah quality is 
complex w ith many contributing variables, and there is  little experimental 
evidence available on w hich to base a definition.
W here lighting is  concerned it is  not only the type and quality o f lighting that 
needs assessing but how much building occupants prefer natural light. The use 
o f tinted glass in  many modem buildings may be affecting the occupants and 
then perceptions ofthe environment. It would be useful to assess the affects o f 
tinted glass in  an office environment as this has already been mentioned as a 
factor by W ilson and Hedge (1987). However, this w ould need to be a 
between subject design or involve changing the outside o f a building.
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Inform ation could be collated by questionnaire or other performance measures.
W hat is  still unclear is  the relationship between environmental factors (such as 
air flow , ventilation, temperature, chem icals) and health responses, stress at 
w ork and job  satisfaction. T h is needs to be assessed to try and tease out the 
probably complex relationship between all the factors. T h is study has found 
that in  control room s, there is  both a high level o f stress and a high level o f 
S B S  symptom reporting. Th is stress is  not strongly associated with 
environmental factors, but is  more closely linked w ith m anagerial and 
organisational structure. Although it is  difficult to ascribe cause and effect, the 
results suggests that S B S  m ay in  some circumstances be associated w ith 
organisational stressors and that environmental conditions m ay not always be 
to blame. It is  essential to find out whether the environment worked in  has the 
same effect on people w ith good satisfying low  stress job s compared to people 
w ith high stress w ork.
Sickness absence data and retirement data collection was included in  this study. 
It was not possible to carry out any powerfid data analysis on this inform ation 
and if  anything indicated that the data collection methods used by the 
employers to m onitor sickness absence are inadequate.
The final experimental section o f the thesis was to examine the effects o f fu ll- 
spectrum lighting on comfort and performance in  the workplace. Th is was to 
assess whether changing the spectral qualities w ould im prove performance and 
comfort at w ork. Although the experiment was carried out on a sm all sample 
size, indications were that full-spectrum  lighting did not affect performance or 
comfort at work.
In  general this thesis has aimed to look at what building occupants attribute
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health com plaints to, the effect o f stress and the effect o f changing lighting. 
M ost occupants blamed the environment. The effect o f stress at w ork on S B S  
is  still unclear, but it could still be seen as a m ajor contributor to the syndrome 
by factors such as negative affectivity. Lighting does not appear to be a m ajor 
contributor, but there can be no doubt that if  lighting is  causing discomfort for 
example from  glares in  the w orkplace it w ill be contributing to an overall 
negative view  o f the w orking environment.
In  conclusion the research this study found that:
1. B uild ing occupants associate their ill-health w ith the building in  w hich they 
w ork but it is  unclear what the precise association is.
2 Different population groups have different patterns o f symptom reporting, 
this however is  different in  each building
3. Environm ental parameters in  each o f the buildings studied were not always 
w ithin recommended levels thus the environment m ay be contributing to the 
problems reported.
4. There is  an indication that occupational stress and S B S  are interlinked. In 
this study stress was prim arily from  organisational rather than environmental 
causes.
5. Full-spectrum  lighting does not improve performance on the parameters 
measured in  the study or im prove the occurrence o f S B S  symptoms.
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6 .  F u r t h e r  R e s e a r c h
6. FURTHER RESEARCH
The priority for further research w ould be to take a more standardised 
approach to surveying buildings and assessing the number and types o f 
symptoms. A  huge variety o f different methods and techniques have been used 
to date, w ith each researcher’s area o f interest being the prominent area o f 
research (as w ould be expected as since S B S  is  a m ultifactorial and 
m ultidisciplinary problem), there is  however a need for cooperation between 
research establishments and a sharing o f new knowledge.
Further research suggested from  this thesis covers a number o f different areas. 
The first area is  subject comprehension o f questionnaires relating to 
environmental assessment. A s mentioned in  the conclusions, there are no 
definitions o f parameters such as fresh ah or stuffiness. Th is could be assessed 
by the use o f a climate chamber and varying different environmental 
parameters. Fo r example to evaluate stuffiness, vary temperature, ah flow  and 
relative hum idity as these appear to be the most lik e ly  factors involved. 
Although experiments such as this are expensive to run when the number o f 
different conditions are calculated, it is  w ork that has not been tackled to date.
There is  also a clear need for a basic em piricist approach to be taken, i.e., 
change one factor such as ah flow  at a time and assess the results that are 
obtained. Such experiments could prove to be expensive in terms o f time and 
finance because they require a large number o f variations. In addition, 
changing environmental parameters to beyond guideline values may create 
further problems for building occupants w hich may not be acceptable. There 
is also the problem  that any structural changes w ill be obvious to occupants and 
may affect experimental outcome.
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The methods o f collecting data about type and prevalence o f symptoms should 
also be changed. M ost questionnaires relay on historical data. A  better 
method w ould be to use a a prospective experimental design. One suggestion 
w ould be the use o f a diary system, despite it's inherent difficulties, to allow  
staff to w rite down any symptoms they are suffering and any specific time or 
day o f the week.
The ergonom ics o f the office envhonment and links between S B S  have not 
been fu lly  investigated. W ith the introduction o f further legislation there are 
now more environmental recommendations for V D U  environments. There is a 
need to assess where physical comfort -  or discomfort -  at w ork is affecting 
occupant's perceptions and then levels o f symptom reporting. A s found in  the 
thesis there are a large number o f complaints o f backache at w ork and many 
building occupants w ould like  better or improved seating. One method o f 
assessing the w orkplace and S B S  w ould be to compare two or more buildings 
(or preferably different floors in one building) w hich have different equipment 
and furnishings. The comparison w ould need to make a judgem ent o f what is a 
good layout and bad layout and then compare the effect -  i f  any -on SB S 
symptoms.
There has been various research to assess the introduction o f new technology 
on w ork forces but this has not been carried out sim ultaneously w ith health 
assessments (apart from  Upper Lim b Disorders). Th is could be achieved by a 
before and after study o f a w ork force undergoing change and assessing SB S 
symptoms, environmental conditions and stress levels and using factor analysis 
on the results.
The thesis has shown that in  emergency control rooms S B S  symptom reporting 
and stress levels from  organisational causes are high. I f  it can be assumed
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that stress and S B S  are linked and organisational factors are a problem, then 
again there is  a need to research this area. A  sim ilar method could be used as 
suggested in  the management o f change, monitoring conditions and using a 
high powered statistical method to assess the results.
Although the chapter on lighting found no significant differences between two 
different lighting types, there is  still a need for further research into the topic. 
The use o f windows is  still a contentious issue as there is  anecdotal evidence of 
building occupants wanting firstly to be able to see out and secondly a source 
o f natur al light. The effect indoor Hghting has on individuals during the winter 
months has only been researched in  extreme cases (S A D ). The role o f lower 
levels o f indoor light during the darker months has not been assessed on the 
general health o f individuals. T h is could be assessed by the use o f 
psychological questionnaires and S B S  questionnaires over the winter period. 
Occupants w ould have to be able to reliably report when they had been out in  
sunshine over the period o f testing.
B uild ing design characteristics are also an area w hich should be further 
investigated. W hether fu ll glass buildings w ill have interior problems (apart 
from  heat build up in  summer). Should all futur e buildings be designed with 
cellular offices and w ill this help with the feelings o f control over the 
environment. Architecture and whether different building styles w ill have an 
effect on S B S  has also not been examined. This should included questions 
about building structure, does colour have an effect on building occupants and 
should the interior o f buildings be designed to allow  better colour co-ordination 
and is  access to natural daylight essential and how could this be balanced 
against glare and reflection problems on V D U  screens.
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7 .  G l o s s a r y
7. GLOSSARY
Airflow
Air Temperature 
A S H R A E  
Air Velocity 
BRI
BUS
C E N
CFF
Chemical Sensitivity 
Choice Reaction Time
CIBSE
Colophony
The temperature of the air, measured in degrees 
centigrade (°C).
American Society of Heating, Refrigeration and Air- 
conditioning Engineers
The movement of air across space measured in 
metres per second (m/s)
Building Related Illness, where illness occurs in a 
building caused by an organic source for example 
Humidifier Fever or Legionnaires Disease
Building Use Studies Group
Comite European de Normalisation
See Critical Flicker Fusion
A n  adverse reaction such as an allergic reaction 
to low levels of toxic chemicals present in food, 
air and water. The site of the reaction is 
dependent upon where the chemical is acting
A  test used to ask subjects to react to a number 
of stimuli given in a random order. The test used 
was a 5 choice reaction time in which subjects 
were asked to respond to one of 5 lights coming 
on by pressing the appropriate button nearest the 
light. Measurements taken from this type of test 
include reaction time which is the time taken to 
move the hand from a neutral point to the 
button. Time is measured in milliseconds (ms) 
and the test has been used to assess the effects of 
drugs, fatigue and arousal.
See Air Velocity
Chartered Institute of Building Services 
Engineers
A  substance used for welding in the electronics industry 
which may cause allergic or irritation reactions when 
inhaled.
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Critical Flicker Fusion
CRT
DIN
Dry Bulb Temperature 
Epoxy Resins
Erythema
ETS
Glare
Half-life
Humidifier Fever
Immunosuppressed
IES
ISO
Isocyanates
The measurement of the frequency in hertz (Hz) 
of a light source. The measurement is taken 
from a subject by increasing frequency and 
measuring when the light source starts to flicker 
and decreasing frequency when the light source 
stops flickering. The measurement has been 
used as an indicator or arousal and fatigue levels.
See Choice Reaction Time
Deutches Institut fiir Normung
A  measure of the air temperature usually shielded from 
any sources of radiant heat, measured in degrees 
centigrade (°C)
A  class of substances derived by polymerisation of certain 
viscous liquids or compounds. Usually used as an 
adhesive which may cause dermatitis or other allergic 
reactions.
Abnormal redness of the skin caused by either irritation, 
injury or inflammation.
Environmental Tobacco Smoke
A  strong source of light which may either cause visual 
discomfort or impairment of vision
The time taken for a substance to be reduced by half. For 
example with radioactive material, the time taken for a 
sample to lose half of it's nuclei in radioactive decay.
A  health problem which occurs when people 
have been breathing air contaminated by 
micro-organisms which have been distributed via 
an air humidification system. Symptoms include 
malaise and muscle pains and generally start a 
few hours after work and recovery can take 
place a few hours after leaving the workplace
Where the immune system has been suppressed and there 
is an increased risk of infection. Suppression can be 
caused by chemicals or ill health.
Illuminating Engineering Society
International Standards Organisation
Highly reactive chemicals used in the production of 
plastics, adhesives, paints etc. They are highly irritant to 
the skin and eyes and can induce asthma.
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Legionnaires Disease
Legionella pneumophila
Lux
Mean Radiant Temperature
Mucous Membrane
NIOSH
Occupational Asthma
Olf
Photochemical Smog
Radiant Temperature
Symptoms include a high fever, chills, muscle 
pain, headaches followed by breathing difficulties 
Legionnaires Disease is approximately 12% with 
elderly or immunosuppressed patients more at 
risk. There are some 150 to 200 cases 
reported each year to the Communicable 
Diseases Surveillance Unit. Other diseases 
reported that are caused by the Legionella 
bacteria include Pontiac Fever and Pittsburg 
Pneumonia. Although similar in transmission the 
symptoms and disease outcome can differ.
Transmission is either through water spray or 
dust particles.
a bacteria which normally grows in soil or water.
Can be inhaled in water droplets or dust 
particles: see Legionnaires Disease
The SI unit of illuminance which is the amount of light 
hitting a point on a surface.
Commonly known as globe temperature and is 
the measurement of temperature by using a 
thermometer placed in a black copper globe.
The measurement is the amount of heat absorbed 
by the globe i.e., radiated from an external 
source, measured in degrees centigrade (°C)
A  lubricating membrane lining an internal surface of an 
organ, producing mucous to lubricate the surface. One is 
found in the respiratory tract.
National Institute of Safety and Health
A  prescribed industrial disease which may take 
up to 10 years to develop from specific irritants. 
Symptoms include chest tightening, chest pains, 
wheezing, coughing and sputum
"OLF" (Olfactory Index) is used to quantify 
sources of indoor pollution. The olf is defined as 
the amount of bioeffluents emitted by a standard 
sedentary person at a level of thermal comfort.
A  smog caused by the reaction of hydrocarbons and 
nitrogen oxides from pollution sources such as traffic 
fumes in the prescience of sunlight
Heat from a radiant source for example the sun 
or an electric bar fire, measured in degrees 
centigrade (°C) using a black globe thermometer 
See Mean Radiant Temperature
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Relative Humidity 
Resultant Temperature
Rhinitis
SAD
SBS
Seasonal Affective Disorder 
Sick Building Syndrome
Thermal Environment
Thermoregulation
Ventilation
voc
Wet Bulb Temperature 
W H O
Defined as the amount of water vapour in the air 
compared to the amount when saturation level is 
reached, measured as a percentage (%)
A  calculation based on the formula 
tres=1/2tr + Vitat where tr is the mean radiant 
temperature and tat is the air temperature, 
measured in degrees centigrade (°C)
Inflammation of the nose or the mucous membrane 
within the nose.
See Seasonal Affective Disorder
See Sick Building Syndrome
A  mental disorder when during the winter 
months sufferers have clinical depression
A  collection of symptoms suffered by staff in 
certain buildings but not all the staff may suffer 
the same type, number or severity of symptoms.
The common factor with SBS is that the 
symptoms will go away when out of the building.
The symptoms usually include some or all of the 
following, stuffy nose, dry throat, dry skin, runny 
or itchy nose, running or itching eyes, chest 
tightness, wheezing, headache and lethargy.
Six parameters including air temperature, radiant 
temperature, relative humidity and air velocity, 
metabolic heat from activity and clothing which 
affect the human response to different 
environments
The processes used by the body to maintain body 
temperature at around 37°C
The provision of fresh air into an enclosed environment 
to remove the build up of pollutants.
Volatile Organic Compound
Temperature measured using a thermometer with 
a wet wick placed over the sensory part of it, 
measured in degrees centigrade (°C)
World Health Organisation
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APPENDIX A
A  copy of the Questionnaire used in both Buildings for the Case Study
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d e s k ?  ( F a c t o r s  o t h e r  t h a n  v e n t i l a t i o n ,  t e m p e r a t u r e  
and l i g h t i n g . )
i .  Yes  1
i i . No 2
i i i .  S oine t ime s 3
I f  ' n o '  o r  ’ s o m e t i m e s ' , how do  y o u  t h i n k  y o u r  c o m f o r t  
c o u l d  be  i m p r o v e d ?
Do y o u  wo r k  i n :
i . An o p e n  p l a n  a r e a . 1
i i  . A p a r t i t i o n e d  s e c t i o n
o f  an o p e n  p l a n  o f f i c e . 2
i i i  . A s e p a r a t e  r o o m f o r  1
o r  2 p e o p l e . 3
i v . A s e p a r a t e  r o o m w i t h
p a r t i t i o n s . 4
v . O t h e r  - p l e a s e  e x p l a i n :
Do you  f e e l  " c l a u s t r o p h o b i c "  a t  w o r k ?
i  . Yes  1
i i . No 2
Do y o u  f e e l  'cramped* by your su rr ou n d i n g s ,  ( i . e .  i s  
t h e r e  i n s u f f i c i e n t  s p a c e ) ?
i . Y e s  1
i i . No 2
Do yo u  f e e l  t o o  many p e o p l e  s h a r e  y o u r  wo r k  s p a r e ?
i . Yes 1
i i . No 2
5
3 1 .
32 .
33 .
34 .
35 .
Do y o u  t h i n k  t h e  l a y o u t  o f  y o u r  wo r k
be  i m p r o v e d  and i f  s o ,  how?
environment might
w o u l d yo u  r a t e  t h e  l e v e l o f  n o i s e i n y o u r o f f  i c e
AM PM Bo t h Ne v e r
i  . Too  n o i s y 1 2 3 4
i i  . A c c e p t a b l e 1 2 3 4
i i i . Too  q u i e t 1 2 3 4
i v . D i s t r a c t i n g 1 2 3 /.
v . I r r i t a t i n g 1 2 3 4
v i  . O t h e r  - p l e a s e
s t a t e : 1 2 3 1
I f  y o u  t h i n k  t h e r e  i s  a p r o b l e m  
i m p r o v e d ?
h o w  r u u l d  t h i  s h e
How w o u l d  yo u  d e s c r i b e  y o u r  g e n e r a l  h e a l t h ?
i. -
i i  .
i i i  
i  v .
E x c e l l e n t  
G o o d  
Average 
P o o r
How many d a y s  ( a p p r o x . )  o v e r  t h e  l a s t  y e a r  we r e  you  
a b s e n t  f r o m  wo r k  t h r o u g h  s i c k n e s s ?
i  . None 1
i  i  . 1 - 5  d a y s 2
i i i . B - 1 0 d a y s 3
i  v . 1 1 - 1 5  d a y s 4
v . 16 d a y s  o r  mo r e 5
B
Cl 1 blank
3 6 :
37 .
3 8 .
39 .
A 0 .
4 1 .
Do y o u  s u f f e r  f r o m any o f  t h e  f o l l o w i n g
O f t e n  S pine t i ma s ' N e v e r
i  . H e a d a c h e s ............................... 1 2 3
i  1. D i z z i n e s  s .............................. 1 2 3
i i i  . Eyes  t r a i n  . . .  ...................... ; 1 2 3
i  v . S o r e ,  d r y  e y e s .................1 2 3
v . S o r e  t It r o a t s........................ 1 O 1
v i  . N a s a l  c o n g e s t i o n ............ 1 2 \
v i i  . Back a c h e ............................... 1 2 3
v i i i . L e t h a r g y . ............................... 1 2 3
i x . T e n s i o n  ...................................1 2 3
x . " D e p r e s s i o n " ................. 1 2 3
x i  . 
x i i  .
A l l e r g i e s ............................... 1
O t h e r  -  p l e a s e  s t a t e :
2 3
( F e m a l e s  o n l y )  Do y o u  e x p e r i e n c e  any o f  t h e  f o l l o w i n g :
Yes  No S o me t i me s
i  . M e n s t r u a l  i r r e g u l a r i t i e s  1 2 J
i  i  , P a i n f u l  m e n s t r u a t i o n  1 2 3
i i i . P r e - m e n s t r u a l  t e n s i o n  1 2 3
i  v . I w o u l d  p r e f e r  n o t  t o  
a n s we r  t h i s  q u e s t i o n
Do y o u  a s s o c i a t e  y o u r  h e a l t h  p r o b l e m s  a b o v e  w i t h  any 
a s p e c t  o f  y o u r  wo r k  e n v i r o n m e n t ?
i  . Yes  1
i  i  . No 2
I f  ' y e s '  p l e a s e  d e s c r i b e
Do any o f  y o u r  h e a l t h  p r o b l e m s  v a r y  a c c o r d i n g  t o  t he  t i me  
of year?
i  . Yes  1
i i . No 2
I f  y e s  p l e a s e  i n d i c a t e  w h i c h  p r o b l e m  and how i t  i s  
a f  f  e c t e d  : i
72
i t
o
r
4 2 .  Has y o u r  g e n e r a l  h e a l t h  a l t e r e d  r. i n n ’ you h a v e  hi»»*n 
w o r k i n g  i n  t h i s  b u i l d i n g ?
i . Got  b e t t e r . 1
i i . G o t wo r s e . 2
iii. S t a y e d  t h e  same. 3
i v . N/A I h a v e  o n l y
wo r k e d  h e r e . 4
GENERAL
4 3 .  P l e a s e  i n d i c a t e  y o u r  s e x :
i . Female 1
i  i . M a l e  2
4 4 .  Age  g r o u p :
i  . L e s s  t h a n  20 1
i  i  . 2 1 - 2 5 2
i i i . 2 G -  3 0 3
i  v . 3 1 - 15 4
v . 3 0 - 4  0 5
v i . 4 1 - 4 5 6
v i  i  . 4 6 - 5 0 7
v i  i  i  . 5 1 - 6 0 0
4 5 .  Do you s mo ke ?
i  . Yes  1
i i . No 2
How l o n g  h a v e  you b e e n  w o r k i n g  i n  t h i s  b u i l d i n g  
* -------------  Y e a r s  _________ Mo nt h s
Subjeul: (I> mi u :t
Thank you f o r  c o m p l e t i n g  t h i s  q u e s t i o n n a i r e .  P l e a s e  »." t i n
i t  t o  us i n  t h e  e n v e l o p e  p r o v i d e d .
A  copy of the H e alth  and C o m fo rt Q uestio n naire  used in  the C o n tro l 
Room  study
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Robens Institute 
Occupational Health Service
30 Occnin Rond
The Surrey Research Park
Guildlord, Surrey GU2 5YW
Tel 0483 68637/68673 
Facsimile 0483 34154 
Telex 859331
G E N E R A L  H E A L T H  AND E N V I R O N M E N T  Q U E S T I O N N A I R E
T h e  q u e s t i o n n a i r e  is p a r t  of a n a t i o n w i d e  s t u d y  a i m e d  at 
i n v e s t i g a t i n g  the h e a l t h  of control room staff. We w o u l d  be
g r a t e f u l  f o r  y o u r  r e s p o n s e  t o  a l l  t h e  q u e s t i o n s  i n  t h e  
q u e s t i o n n a i r e .
The i n f o r m a t i o n  you p r o v i d e  w i l l  be seen o n l y  by members of our 
r e s e a r c h  t e a m  a n d  w i l l  be t r e a t e d  in the s t r i c t e s t  c o n f i d e n c e .  
We do not need to i dentify i n d i v i d u a l s  so p l e a s e  do not put your 
n a m e  on the questionnaire. We do h o w e v e r  need to know which 
C o n trol you w o r k  at so p l ease fill this quest i o n  in.
P l e a s e  c o m p l e t e  t h e  q u e s t i o n n a i r e  as s o o n  as p o s s i b l e  a n d  
r e t u r n  it to us in the ’freepost* envelope provided.
T h a n k  you
Dr L e slie Hawkins 
Joanne Crawf o r d
i f ,  ■ 
R O B E N S
Institute of Health and Safety
Director Rnhens Institute 
and Piofessoi o( Toxicology 
Dr J W  Bridges
P l e a s o  a n s w e r  a l l  t h e  q u e s t i o n s  b y  c i r c l i n g  t h e  
a p p r o p r i a t e  n u m b e r  e.g. 2 o r  g i v i n g  d e t a i l s / e x p l a n a t i o n s  
w h e r e  relevant.
FOR OFF 
USE ONL
j ,; . :. A. G E O G R A P H Y  A N D  JOB
1. P l e a s e  i n d i c a t e  w h i c h  Control you w o r k  at
2. P l e a s e  
job.
i n d i c a t e  h o w  l o n g  y o u  h a v e  b e e n  d o i n g  t h i s
... 3
3. P l ease w r i t e  down y o u r  j o b  title.
4
4. D o e s  y o u r  w o r k  involve any of the following:
F r e q u e n t l y  S o m e t i m e s  N e v e r
i . Use of V D U ...................... 1 2 3 I_____ 1
ii Us e  of T y p e w r i t e r ............ 3 2 3
iii Use of T e l e p h o n e ............. 1 2 3 f . 1
iv Use of R a d i o ................... 3. 2 3
V R e a d i n g / c h e c k i n g  paperwork. 3 2 3 1 ]
VI Train i n g  s t a f f ................ 1 2 3 1_____J
V l l O t h e r  - p l e a s e  state
1 2 2
5. O f  t h e  a n s w e r s  y o u  h a v e  j u s t t i c k e d i n  q u e s t i o n  4,
p l e a s e  s tate w h i c h  p i e c e s  of e q u i p m e n t  y o u  use most.
1
6. P l e a s e  c o m p l e t e  t h e  f o l l o w i n g  t o  s h o w  h o w  y o u  f e e l  
a bout y o u r  work.
In g e n e r a l  is y o u r  work:
Yes No
i V a r i e d ................... 2
ii R e p e t i t i v e ............. ........  1 2
iii I n t e r e s t i n g ............ 2
I V S t i m u l a t i n g ............ 2
V C h a l l e n g i n g ............ 2
V I B o r i n g ................ . 2
vii E n j o y a b l e ............... ........  1 2
viii D i f f i c u l t . .............. 2
ix E a s y ............. . 2
X D e m a n d i n g ............... 2
xi S t r e s s f u l ............... ........  1 2
F O R  O F I  
U S E  O N L
1 
1 
1 
1
1 
1 
1
2 
2
2 
2
B. E N V I R O N M E N T
7 . In general do y o u  feel c o m f o r t a b l e  w here y o u  work
JL
ii
iii
Yes
S o m e t i m e s
No
1
2
3
8 Do you w o r k  in an a i r - c o n d i t i o n e d  building?
r
ii
Yes
No
O
9. H o w  do y o u  rate the air q u a l i t y  in your c o n t r o l  room? 
(Please a n swer all quest i o n s )
D a y  Night B o t h  N ever
i N o  c o m p l a i n t s ..............
ii P l e a s a n t ....................
iii U n p l e a s a n t ..................
iv S t u f f y ......................
v  F r e s h ........................
vi S m o k y ........................
v i i  F u m e s / s m e l l s ...............
v i i i  H u m i d ........................
ix D r y ...........................
x  T o o  h o t ......................
x i  T o o  c o l d .....................
xii F l u c t u a t i n g  t e m p e r a t u r e s
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
2 C 
27 
2 6
2 9
30
3 1
32
33
3 4
3 5  
.36
3 7
2
10. D o  y o u  n o t i c e  a n y  v a r i a t i o n  i n  a i r  q u a l i t y  
a c c o r d i n g  to the t i m e  of year?
r
ii
Yes
No
FOR O F F U  
USE ONLY
11. I f  'yes* p l e a s e  d e s c r i b e  w h i c h  a s p e c t s  v a r y  a n d  
when.
12. D o  y o u  n o t i c e  a n y  v a r i a t i o n  i n  t h e  a i r  q u a l i t y  
a c c o r d i n g  to w h i c h  shift y o u  are on?
ii
Yes
No
I I
13. If 'yes' p l e a s e  d e s c r i b e  w h i c h  aspects v a r y  and on 
w h i c h  shift.
14. A r e  y o u  a b l e  t o  a d j u s t  t h e  v e n t i l a t i o n  i n  y o u r  
c o n t r o l  room?
i Yes
ii N o
15. If 'yes' p l e a s e  i n d i c a t e  h o w
16. A r e  y o u  a b l e  t o  a d j u s t  t h e  t e m p e r a t u r e  i n  y o u r  
c o n t r o l  room?
i Yes
ii No
r-
3
17. If 'yes' to question 16. please indicate how.
I 1*7
18. A n y  o t h e r  c o m m e n t s  about v e n t i l a t i o n / a i r  quality.
C. L I G H T I N G
19. W h a t  k i n d  o f  l i g h t i n g  is i n  u s e  in y o u r  c o n t r o l  
room?
i F l u o r e s c e n t
ii T u n g s t e n  I3ulbs
iii U p - l i g h t i n g
iv O t h e r  (please state)
49
20. H o w  w o u l d  y o u  r a t e  the l i g h t i n g  in y o u r  w o r k  area? 
(Please a n s w e r  all ques t i o n s )
i . C o m f o r t a b l e  level
D a y
1
N ight
2
B o t h
3
Nev
4
i i . M a i n l y  n a t u r a l  s o urce 1 2 3 4
i i i . M a i n l y  a r t i f i c i a l  s o u r c e 1 2 3 4
iv. T o o  bright 1 2 3 4
v. T o o  dim 1 2 3 4
v i . Gl a r e  ( r e f e l c t i o n  from 
s u r f a c e s ) 1 2 3 4
50
51
52
53 
5 4 
55
21. D o  y o u  n o t i c e  a n y  v a r i a t i o n  i n  the a b o v e  a c c o r d i n g  
t o  t h e  time of y e a r ?
ii
Ye s
N o
56
22. If yes p l e a s e  d e s c r i b e  w h i c h  aspe c t s  v a r y  and when.
4
1 1 5 7
ERGONOMICS
Ar e  y o u  p h y s i c a l l y  c o m f o r t a b l e  when s i t t i n g  a t  y o u r  
d e s k ?  ( F a c t o r s  o t h e r  t ha n  v e n t i l a t i o n ,  t e m p e r a t u r e  
and l i g h t i n g . )
i . Yes  1
i i .  No 2
i i i .  S o me t i me s  3
I f  ‘ n o ’ o r  ‘ s o m e t i m e s ’ , how do  you t h i n k  y o u r  c o m f o r t  
c o u l d  be  i m p r o v e d ?
C66 blank
OFFICE USE
ONLY
Do you wo r k  i n :
i . An o p e n  p l a n  a r e a . 1
i i . A p a r t i t i o n e d  s e c t i o n
o f  an o p e n  p l a n  o f f i c e . 2
i i i , A s e p a r a t e  room f o r  1
o r  2 p e o p l e . 3
i v . A s e p a r a t e  room w i t h
p a r t i  t i o n  s . 4
v . O t h e r  - p l e a s e  e x p l a i n :
Do you f e e l  " c l a u s t r o p h o b i c "  a t  wo r k ?
i .
i i  .
Yes
No
□
□
5
29. D o  y o u  f o o l  c r a m p e d  b y  y o u r  s u r r o u n d i n g s  (i.e 
t h e r e  i n s u f f i c i e n t  space)?
I B
JL
ii
iii
O f t e n  
S o m e  times 
N e v e r
I! i
i z
30 D o  y o u  feel t o o  m a n y  p e o p l e  s h a r e  y o u r  w o r k  s p a c e ?
i O f t e n
ii S o m e t i m e s
iii N e v e r
1
2
3
d
31. D o  y o u  t h i n k  t h a t  t h e  l a y o u t  o f  y o u r  w o r k  
e n v i r o n m e n t  m i g h t  bo i m p r o v e d  and if so, how?
d
32. H o w  w o u l d  y o u  r a t e  t h e  l e v e l  o f  n o i s e  i n  y o u r  
c o n t r o l  r o om? ( P l e a s e  a n s w e r  all p a r t s  of the q u e s t i o n )
i T o o  n o i s y
D a y
1
N i g h t
2
B o t h
3
Nev
4
ii A c c e p t a b l e 1 2 3 4
iii Too q u i e t 1 2 3 4
iv Dis troc tj ng 3 2 3 4
V Irri ta ting 1 2 3 4
v i O t h e r  - p l e a s e s ta to
1 2 3 4
33. D o  y o u  a s s o c i a t e  a n y  o f  t h e  a b o v e  w i t h  a n y  
p a r t i c u l a r  s h ift?
i Y e s  1
ii N o  2
34. If 'yes' p l e a s e  d e s c r i b e  w h i c h  a s p e c t s  a n d  why.
G
35. I f  y o u  t h i n k  t h e r e  is a p r o b l e m  h o w  d o  y o u  t h i n k  i t  
c o u l d  be improved.
FOR OFF 
USE ONL
□
E. H E A L T H
36. w o u l d y o u  d escribe y o u r  general health?
i E x c e l l e n t 1
ii G o o d 2
iii A v e r a g e 3
iv P o o r 4
37. H o w  m a n y  d a y s  ( a p p r o x )  o v e r  t h e  l a s t  y e a r  w e r e  y o u  
abse n t  from w o r k  t h r o u g h  sickness?
i None 1
ii 1 - 5  days 2
iii 6 - 1 0  days 3
i v  11 - 15 days 4
v  16 days or m o r e  5
38. Do you s u ffer from any of the following
O f t e n  Sometimes
H e a d a c h e s  o t h e r  than 
m i g r a i n e  
M i g r a i n e s  
D i z z i n e s  
E y e s t r a i n  
Sore, d r y  eyes 
Nasal c o n g e s t i o n  
B a c k  ache 
L e t h a r g y  
T e n s i o n  
D e p r e s s i o n  
A l l e r g i e s  
S k i n  r a s h e s  
S l e e p  p r o b l e m s  
I n d i g e s t i o n  
O t h e r  - p l e a s e  state
2
2
2
2
2
2
2
2
2
2
2
2
2
N e v e r
3
3
3
3
3
3
3
3
3
3
3
3
3
7
39. D o  y o u  a s s o c i a t e  any of the s ymptoms in q u e s t i o n  38 
w i t h  a n y  a s p e c t s  o f  y o u r  w o r k  e n v i r o n m e n t ?
i Y e s  1
ii N o  2
40. If ’yes' p l e a s e  describe.
41. H a v e  any of t h e s e  s y m p t o m s  c h a n g e d  in f r e q u e n c y  and 
s e v e r i t y  s ince the i n t r o d u c t i o n  of n e w  t e c h n o l o g y  (i.e. 
V D U s  etc)?
i Y e s  1
ii N o  2
iii D o n ' t  k n o w  3
iv H a v e  o n l y  w o r k e d
w i t h  n e w  technology. 4
42. If 'yes' p l e a s e  d e s c r i b e  w h i c h  s y m p t o m s  a n d  h o w  
t h e y  h a v e  changed.
43. D o  y o u  a s s o c i a t e  a n y  of the s y m p t o m s  in q u e s t i o n  
w i t h  any p a r t i c u l a r  shift?
38
x
ii
Yes
No
44. If y e s  d e s c r i b e  w h i c h  a s p e c t s  a n d  w h i c h  shift.
45* ■ H a s  y o u r  g e n e r a l  h e a l t h  a l t e r e d  s i n c e  y o u  h a v e  b e e n  
w o r k i n g  i n  t h i s  c o n t r o l  room? * -; -
i
ii
iii
Y e s  1
N o  2
Do n  * t know 3
t'FOR.O.r. 
' U S B ., d i l
d
46. I f  
a ltered.
y e s '  p l e a l s e  d e s c r i b e  h o w  y o u r  h e a l t h  h a s
F « ^ G E N E R A L .y.-r-
47. P l e a s e  i n d i c a t e  y o u r  sex
x
ii
Female
M a l e
Iri#
2
48. A g e  group:
i Less t h a n  20 1
ii 21 - 25 2
iii 26 - 30 3
iv 31 - 35 4
V 36 - 40 5
vi 41 - 45 6
vii 46 - 50 7
v iii 51 - 60 8
ix 60 + 9
49. D o  y o u  smoke?
i .
ii
Yes
No
I— I
     gg.--------------- — ----- - --T----•----- ----------------------------------------
50. IIow l o n g  h n v o  y o u  b o o n  w o r k i n g  i n  thLijf c o n t r o l  
room? H I
Ye a r s M o n t h s
d b
<T-'
A copy of the Occupational Stress Indicator used in the control room 
study
APPENDIX C
(c) Cooper, Sloan and Williams 1988
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Your answers to these questions w ill provide useful background information -  
facts about yourself rather than your opinions.
► Please answer by circling the appropriate items, or write in the boxes provided:
Y o u  a n d  y o u r  f a m i l y
Sex:
Age: Under 21/21 -36/37-55jover 55
Marital status: (^laraed/single/divorced/
sevarated/ vidoived/cohabiting
If not married now, have you 
ever been in the past? yes /no
qUj .s 6-c? h _nfa I /Q/fd
It married now, does your
partner work? yes /no
d-time/part-ti m at 
(occasionally
Number of children: under IS [T " j 
over IS | j 1
Your sducaticn
Age on leaving full-time formal education:
Academic level reached in full-time 
education:
no formal qualifications |y /  |
O level or equivalent □
A level or equivalent □
degree level or equivalent J I
higher degree level
/S’
W o r k  h i s t o r y
Are you a member of a 
professional body? (yes//no
How many years w ith present company? 
How many years in present job?
How many years in previous job?
In wr.icn company function do
vou worn? >\Ja CWIiLEJ  .y-
( A W ’X  tyd/£)'A crF'c<c-x ;v
For 'now manv people are you responsible?
How rr.anv report directly to vou?
When oo you expect
vour next promotion? Within I year/5 years/
over 5 years (never
Y c u r  c o m m i t m e n t s
Do you have another job or occupation in 
addition to your main one?
cIa ^
If yes. how many hours per week do 
you spend on your other job/s?
i/Ar'C.l)U
What are your financial commitments 
as an approximate percentage of monthly 
household income?
ye sa no
S’
Do you maintain a desired
body weight? Almost Mfjbejtime/
sometimes {almost never;<
exerciser
Do you take any planned
A Iw ays/usually/ 
when possible/pccasionally?/ 
not usually/rarely
Do you manage an ‘idea? 
exercise programme (for example 
15-30 minutes vigorous exercise,
3 times a week?) __Always!usually/
t'sometimes)hot usually/hever
Do you smoke?
If yes, how much per day?
yes //no)
cigarettes j□
cigars □
p□
If you smoke cigarettes, 
do you calculate your 
consumption hy: Xumbcr rackets
Have you noticed changes in how 
much you smoke over the
last 3 months? More than usual/
same as usual, less that: usual
Do you drink alcohol? yes/no
If yes, how many units per week on average 
(where 1 unit = Vi pint of beer, or glass 
of wine or one measure of spirits;? sr
Have you ever felt the need to cut 
down your drinking? yes/no )
Over the last 3 months have you
noticed any changes in your
drinking habits? More than usual/
(fsame as usual ff) 
less than usual
Do you find time to ‘relax 
and wind down’? ___ Always/usually/
when possible/not usually
Do you have any interest
or hobby? (^ yes/no
I f  yes, is it in some way
related to work? /  yes/no
In general.do you mix /*'' ~'
socially w ith work colleagues? ( yes/no
t R e c e n t  l i f e  h i s t o r y
Have you encountered any maior stressful 
events over the last :ew months or so, 
which have had an important ctrect on you, 
either of a positive :r  negative nature? fyes/no
At the moment, voe.d vou '.tv vou lee I 
fairly healthy?
Have you had anv -••.cnirican: illness 
over the last lew months?
yes/no
s '
yes/mo
T h e  I n d i c a t o r
H o w  y o u  c o p e  w i t h  stress y o u  e x p e r i e n c e
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Whilst there are variations in the ways individuals react to sources of pressure and 
the effects of stress, generally speaking we all make some attempt at coping with 
these difficulties -  consciously or subconsciously.
This final questionnaire lists a number of potential coping strategies which you 
are required to rate in terms of the extent to which you actually use them as ways 
of coping with stress.
► Please answer by circling the number of your answer on the scale shown.
Very extensively used by 
me 6
Extensively used by me 5 
O n  balance used by me 4 
O n  balance not used by 
me 3
Seldom used by me 2 
Never used by me 1
Ob,
1 Deal with the problems immediately as they occur 6 5 4 (T) 2 1
2 Try to recognise my own limitations 6 5 4 G) 2 1
3 ‘Buy time* and stall the issue 6 5 4 CD 2 1
4 Look for ways to make the work more interesting 6 5 (4) 3 2 1
5 Reorganise my work 6 5 4 < D 2 1
6 Seek support and advice from my superiors 6 5 O') 3 2 1
7 Resort to hobbies and pastimes 6 5 4 0 2 1
8 Try to deal with the situation objectively in an unemotional way 6 5 (4) 3 2 1
9 Effective time management 6 5 2 1
10 Suppress emotions and try not to let the stress show 6 5 (4') 3 2 1
11 Having a home that is a ‘refuge’ 6 5 (?) 3 2 1
12 Talk to understanding friends 6 5 0  3 2 1
13 Deliberately separate ‘home’ and ‘work’ 6 5 2 1
14 ‘Stay busy’ 6 5 0  3 2 1
15 Plan ahead 6 5 y  co 2 1
16 Not ‘bottling things up’ and being able to release energy 6 (?) 4 3 2 1
17 Expand interests and activities outside work 6 5 0  3 2 1
18 Have stable relationships 6 5 ©  3 2 1
19 Use selective attention (concentrating on specific problems) 6 5 4 ® 2 1
20 Use distractions (to take your mind off things) 6 5 fi) 3 2 1
21 Set priorities and deal with problems accordingly 6 5 &) 3 2 1
22 Try to ‘stand aside’ and think through the situation 6 5 ©  3 2 1
23 Resort to rules and regulations 6 5 « CO 2 124 Delegation 6 5 4 0 2 1
25 Force one’s behaviour and lifestyle to slow down 6 5 4 (3) 2 1
26 Accept the situation and learn to live with it 6 5 0  3 2 127 Try to avoid the situation 6 5 4 dl 2 128 Seek as much social support as possible 6 5 4 c o 2 1
T h e  O c c u p a t i o n a l  Stress Indicator
Background
These questionnaires are designed to measure both the sources and effects of 
occupational stress; a topic which has been much researched and for which there 
are many definitions. Generally speaking, occupational stress is regarded as a 
response to situations and circumstances that place special demands on an individual 
with negative results; and this is the definition that has been used in the construction 
of the Indicator.
The sources of stress are multiple, as are the effects. It is not just a function of 
being ‘under pressure’ . The sources may be work-related, but home life w ill also 
be implicated. The effects in terms of health may not just concern how you feel 
physically but how you react and behave; again both in your job and at home.
The Indicator, which has been designed to gather information on groups of 
individuals, has six questionnaires entitled: How you feel about your job; How 
you assess your current state of health; The way you behave generally; How you 
interpret events around you; Sources of pressure in your job; and, How you cope 
with stress you experience. There is also a questionnaire to collect significant 
background Biographical data.
As the Indicator is being completed in a work context, the results w ill naturally 
be used in a work application. The explicit intention of the Indicator is to alleviate 
the effects of stress to the mutual benefit of the individuals and organisation 
concerned. Thank you for your cooperation in completing the questionnaires.
What w e  would like you to do
•  Answer all the questions
•  Give your first and natural answer; be accurate and honest!
•  Work quickly and efficiently through the questionnaires
•  Base your answers on how you have felt during the last three months
•  I f  you make a mistake, cross it out and make your new answer
•  Check each questionnaire to ensure that you have answered all the items
• Now please wait until the Administrator asks you to proceed.
H o w  y o u  feel a b o u t  y o u r  j o b
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This questionnaire is concerned with the extent to which you feel satisfied or 
dissatisfied with your job. Try not to be put off by any other reactions you may have 
-  simply rate the items against the satisfaction/dissatisfaction scale provided.
► Please answer by circling the number of your answer on the scale shown: Very much satisfaction 
Much satisfaction 
Some satisfaction 
Some dissatisfaction 
Much dissatisfaction 
Very much dissatisfaction 1
/Ski
W
1 Communication and the way information flows around your organisation 6 5 W 3 2 12 The relationships you have with other people at work 6 © 4 3 '2 1
3 The feeling you have about the way you and your efforts are valued 6 5 OO 3 2 14 The actual job itself 6 (5 s) 4 3 2 1
5 The degree to which you feel ‘motivated’ by your job 6 (f) 4 3 2 1
6 Current career opportunities 6 5 3 2 1
7 The level of job security in your present job 6 ft 4 3 2 1
8 The extent to which you may identify with the public image or goals of your 
organisation 6 5 ft 3 2 1
9 The style of supervision that your superiors use 6 5 4 ft 2 1
10 The way changes and innovations are implemented 6 5 ft 3 2 111 The kind of work or tasks that you are required to perform 6 5 (4) 3 2 1
12 The degree to which you feel that you can personally develop or grow in your job 6 5 (4) 3 2 1
13 The way in which conflicts are resolved in your company 6 5 ft) 3 2 1
14 The scope your job provides to help you achieve your aspirations and ambitions 6 5 © 3 2 1
15 The amount of participation which you are given in important decision-making 6 5 (V) ft 2 1
16 The degree to which your job taps the range of skills which you feel you possess 6 5 (4 ) 3 2 1
17 The amount of flexibility and freedom you feel you have in your job 6 5 (4) 3 2 1
18 The psychological ‘feel’ or climate that dominates your organisation 6 5 4 ft 2 1
19 Your level of salary relative to your experience 6 5 ft 3 2 120 The design or shape of your organisation’s structure 6 5 (V 3 2 1
21 The amount of work you are given to do whether too much or too little 6 5 (4) 3 2 1
22 The degree to which you feel extended in your job 6 5 0 3 2 1
M 
© 
A 
Ul
H o w  y o u  assess y o u r  c u r r e n t  state of h e a l t h
5
Part A  of this questionnaire focuses on feelings and behaviour and how these are 
affected by the pressure you perceive in your job. Part B is concerned more 
specifically with the frequency of occurrence of manifestly physical problems.
The questions assume that you can assess your health with a fair degree of accuracy 
and aho that you w ill be honest in your responses.
► Please answer by circling your position on each answering scale. Consider the 
questions with reference to how you have felt over the last three months.
Part A  H o w  you feel or behave
1 Would you say that you tended to be a rather overconscientious person who worries about 
mistakes or actions that you may have taken in the past, such as decisions?
Very true
6 5 © 3
Very untrue 
2 1
2 During an ordinary working day are there times when you feel unsettled and upset though the 
reasons for this might not always be clearly obvious?
Frequently
6 5 0 3
Never 
2 1
3 When you consider your level and quality of job performance recently, do you think that your 
contribution has been significantly useful?
Very useful _ _
6 < £ > ( 4) 3
N o t really 
2 1
4 As difficult problems occur at work that require your attention, do you find that you can think 
as clearly and as concisely as you usgd to or do you find your thoughts becoming ‘muddled’?
Definitely think 
not as clearly
6 5 (±)
Definitely think 
as clearly
3 2 1
5 When the pressure starts to mount at work, can you find a sufficient store or reserve of energy 
which you can call upon at times when you need it that spurs you on into action?
Lots of 
energy ~
6 (!) 4 3
N o t much 
energy
2 1
6 Are there times at work when you feel so exasperated that you sit back and think to yourself that 
‘life is all really just too much effort’?
Often
6 5 © 3
Never 
2 1
7 As you do your job have you noticed yourself questioning your own ability and judgment and a 
decrease in the overall confidence you have in yourself?
N o noticeable 
decrease /~r \
6 5 (4 j 3
Noticeable
decrease
2 1
8 Generally and at work, do you usually feel relaxed and at ease or do you tend to feel restless, tense 
and find it difficult to ‘settle down’?
Relaxed^—
6 (s) 4 3
Tense 
2 1
9 If colleagues and friends behave in an aloof way towards you, do you tend to worry about what 
you may have done to offend them as opposed to just dismissing it?
Definitely
worry
6 ' 5
©
Definitely do not 
w orry
3 2 1
10 If the tasks you have implemented, or jobs you are doing, start to go wrong do you sometimes 
feel a lack of confidence, and panicky, as though events were getting out of control?
Often
6 5 © 3
Never 
2 1
11 Do you feel confident that you have properly identified and efficiently tackled your work or 
domestic problems recently?
Have ‘faced up’ 
properly
6 5 4
Have not ‘faced up' 
properly
QJ 2 1
12 Concerning work and life in general, would you describe yourself as someone who is bothered by 
their troubles or a ‘worrier’?
Definitely
yes
6' 5 © 3
Definitely 
no 
2 1
13 When trying to work do you find yourself disproportionately irritated by relatively minor 
distractions such as answering the telephone or being interrupted ?
Very irritated
6 5 4
N o t irritated 
at all
( 3 j  2 1
14 As time goes by, do you find yourself experiencing fairly long periods in which you feel rather 
miserable or melancholy for reasons that you simply cannot ‘put your finger on’?
Often
6 5 © 3
Never 
2 1
15 Would you say you had a positive frame of mind in which you feel capable of overcoming your 
present or any future difficulties and problems you might face such as resolving dilemmas or 
making difficult decisions?
Definitely
7(0 4 3
Definitely
no
2 1
16 When you think about your past events do you feel regretful about what has happened, the way 
you have acted, decisions you have taken, etc?
N o regrets
6 5 © 3
Lots of 
regrets 
2 1
17 Would you describe yourself as being a rather ‘moody’ sort of person who can become 
unreasonable and bad tempered quickly?
Definitely
yes
6 5 © 3
Definitely 
no 
2 1
18 Are there times at work when the things you have got to deal with simply become too much and 
you feel so overtaxed that you think you are ‘cracking-up’?
Definitely
f (?) 4 3
Definitely
no
2 1
A
Part B  Your physical health
Examine the list below and indicate the frequency of occurrence of these ailments 
over the last three months.
► Please answer by circling your answer on the scale shown.
6
Very frequently 6
Frequently 5
Sometimes 4
Infrequently 3
Very infrequently 2
Never 1
1 Inability to get to sleep or stay asleep 6 5 4 3 (2) 1
2 Headaches and pains in your head 6 5 4 3 (?) 1
3 Indigestion or sickness 6 5 4 3 Cri i
4 Feeling unaccountably tired or exhausted 6 0 4 3 2 15 Tendency to eat, drink or smoke more than usual 6 5 © 3 2 1
6 Decrease in sexual interest 6 5 Cri 3 2 1
7 Shortness of breath or feeling dizzy 6 5 4 3 2 (F
8 Decrease in appetite 6 5 4 3 2 (l)
9 Muscles trembling (e.g. eye twitch) 6 5 4 3 (l) 1
10 Pricking sensations or twinges in parts of your body 6 5 (?) 3 2 1
11 Feeling as though you do not want to get up in the morning 6 5 0 3 2 112 Tendency to sweat or a feeling of your heart beating hard 6 5 4 3 ©  1
There is no scoring key for this scale
T h e  w a y  y o u  b e h a v e  g e n e r a l l y
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Quite apart from feelings and reactions, the way you approach things and your 
overall style of behaviour are important. In this questionnaire you are required to 
record the extent to which you agree or disagree with statements about yourself and 
your behaviour.
► Please answer by circling the number which indicates the extent of your agreement/ 
disagreement.
Very strongly agree 6
Strongly agree 5
Agree 4
Disagree 3
Strongly disagree 2
Very strongly disagree 1
1 Because I am satisfied with life I am not an especially ambitious person who has a need
2 My impatience with slowness means for example that when talking with other people 
my mind tends to race ahead and I anticipate what the person is going to say 6 5 4 ft) 2
1
1
3 I am a fairly confident and forceful individual who has no qualms about expressing 
feelings or opinions in an authoritative and assertive manner 6 0 4 3 2 14 I am not an especially achievement-oriented person who continually behaves in a 
competitive way or who has a need to win or excel in whatever I do 6 5 Q 1 3 2 15 When I am doing something, I concentrate on only one activity at a time and am fully 
committed in giving it 100% of my effort 6 5 4 (3 ) 2 1
6 I would describe the manner of my behaviour as being quite challenging and vigorous 6 5 4 (?) 2 1
7 When I compare myself with others I know, I would say that I was more responsible, 
serious, conscientious and competitive than they are 6 5 4 ft 2 18 I am usually quite concerned to learn about other people’s opinions of me particularly 
recognition others give me 6 5 ft 3 2 1
9 Even though I take my job seriously, I could not be described as being completely and absolutely dedicated to it 6 5 ft)C% 2 110 I have a heightened pace of living in that I do things quickly such as eating, talking, 
walking and so on 6 5 0 3 2 111 When I am establishing priorities, work does not always come first because although it 
is important, I have other outside interests which I also regard as important 6 5 ft 3 2 1
12 I am a fairly easy going individual, who takes life as it comes and who is not especially 
‘action oriented’ 6 5 2 1
13 I am a very impatient sort of person who finds waiting around difficult especially for 
other people 6 5 4 ft 2 1
14 I am time conscious and lead my life on a ‘time is money and can’t be wasted’ principle 6 5 4 j (ft 1
W
H o w  y o u  interpret e v e n t s  a r o u n d  y o u
The object of this questionnaire is to record how much you feel you can or cannot 
influence the things that go on around you. You are asked to indicate your level of 
agreement to the following statements.
►Please answer by circling the number which best represents your answer on the 
following scale.
Very strongly agree 6
Strongly agree 5
Agree 4
Disagree 3
Strongly disagree 2
Very strongly disagree 1
1 The trouble with workers nowadays is that they are subject to too many constraints 
and punishments. 6 5 4 & 2 1
2 Assessments of performance do not reflect the way and how hard individuals work. 6 5 © 3 2 1
3 With enough effort it is possible for employees generally, to have some influence over 
top management and the way they behave. 6 © 4 3 2 14 It is not possible to draw up plans too far ahead because so many things can occur that 
make the plans Unworkable. 6 5 0 3 2 15 Socialising is an excellent way to develop oneself and an emphasis on such things in 
organisations is important. 6 5 © 3 2 1
6 Even though some people try to control company events by taking part in social affairs or office politics, most of us are subject to influences we can neither comprehend 
nor control. 6 5 ( D 3 2 1
7 Being successful and getting to be ‘boss’ depends on ability- being in the right place at 
the right time or luck have little to do with it. 6 5 4 © 2 1
8 Management can be unfair when appraising subordinates since their performance is often influenced by accidental events. 6 5 0 3 2 19 Being an effective leader is more often a function of personal skills than it is of taking 
advantage of every available opportunity. 6 5 0 3 2 110 It is upper management rather that ordinary employees who are responsible for poor company performance at an overall level. 6 0 4 3 2 111 The things that happen to people are more under their control than a function of luck 
or chance. 6 5 4 0 2 1
12 In organisations that are run by a few people who hold the power, the average 
individual can have little influence over organisational decisions. 6 5 4 Q 2 1
S o u r c e s  o f  p r e s s u r e  in y o u r  j o b
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Almost anything can be a source of pressure (to someone) at a given time, and 
individuals perceive potential sources of pressure differently. The person who says 
they are ‘under a tremendous amount of pressure at work at the moment’ usually 
means that they have too much work to do. But that is only half the picture.
The items below are all potential sources of pressure. You are required to rate 
them in terms of the degree of pressure you perceive each may place on you.
► Please answer by circling the number of your answer against the scale shown.
Very definitely is a 
source 6
Definitely is a source 5 
Generally is a source 4 
Generally is not a source 3 
Definitely is not a source 2 
Very definitely is not a 
source 1
tSk,
W
1 Having far too much work to do 6 5 ' 3 2  1
2 Lack of power and influence 6 5 4 (T)-2 1
3 Overpromotion - being promoted beyond my level of ability 6 5 4 j (£) i
4 Not having enough work to do 6 5 4 3 2' (l
5 Managing or supervising the work of other people 6 5 4 (T) 2 1
6 Coping with office politics 6 5 4 0  2 17 Taking my work home 6 5 4 0 / ,  1
8 Rate of pay (including perks and fringe benefits) 6 5 4 T  6) .
9 Personal beliefs conflicting with those of the organisation 6 5 4 ©  2 1
10 Underpromotion - working at a level below my level of ability 6 5 4 ) 0  111 Inadequate guidance and back up from superiors 6 5 4 (T) 2 1
12 Lack of consultation and communication 6 5 4 (T) 2 1
13 Not being able to ‘switch off’ at home 6 5 4 (£) 2 1
14 Keeping up with new techniques, ideas, technology or innovations or new challenges 6 5 4 (I) 2 115 Ambiguity in the nature of job role 6 5 4 vjy 2 i
16 Inadequate or poor quality of training/management development 6 5 4 (3 ) 2  1
17 Attending meetings 6 5 4 ( 3 ) 2 1
18 Lack of social support by people at work 6 5 4 (3 ) x  1
19 My spouse’s attitude towards my job and career 6 5 4 \ G )  1
20 Having to work very long hours 6 5 4 0 . 2 1
21 Conflicting job tasks and demands in the role I play 6 5 4 (3) 2 1
22 Covert discrimination and favouritism 6 5 4 (T) 2 1
23 Mundane administrative tasks or ‘paperwork’ 6 5 4
24 Inability to delegate 6 5 4 ch. ?.j
25 Threat of impending redundancy or early retirement 6 5 4 3 (2) 1
26 Feeling isolated 6 5 4 (T ) 2 1
27 A lack of encouragement from superiors 6 5 4 (3 ) 2 1
28 Staff shortages and unsettling turnover rates 6 5 4 C D  2 1
29 Demands my work makes on my relationship with my spouse/children 6 5 4 (y) 2 1
30 Being undervalued 6 5 4 CP 2 1
► Continued on next page ►
S o u r c e s  o f  p r e s s u r e  in y o u r  j o b  ( c o n t i n u e d )
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Very definitely is a 
source 6
Definitely is a source 5 
Generally is a source 4 
Generally is not a source 3 
Definitely is not a source 2 
Very definitely is not a 
source 1
31 Having to take risks 6 5 4 \>) 2 1
32 Changing jobs to progress with career 6 5 4 3 (2) 1
33 Too much or too little variety in work 6 5 4 (?) 2 1
34 Working with those of the opposite sex 6 5 4 3 (2) 1
35 Inadequate feedback about my own performance 6 5 4TT)2 1
36 Business travel and having to live in hotels 6 5 4 3 (2) 1
37 Misuse of time by other people 6 5 4 (302 .
38 Simply being seen as a ‘boss’ 6 5 4 0 0  1 139 Unclear promotion prospects 6 5 4 © 0  140 The accumulative effects of minor tasks 6 5 4' (D 2 1
41 Absence of emotional support from others outside work 6 5 4 2 142 Insufficient finance or resources to work with 6 5 4 (3 ) 2 1
43 Demands that work makes on my private/social life 6 5 4 ( h  2 1
44 Changes in the way you are asked to do your job 6 5 4 .3 0  145 Simply being ‘visible’ or ‘available’ 6 5 ( ± K D  2 i
46 Lack of practical support from others outside work 6 5 4 3 (2) 1
47 Factors not under your direct control 6 5 4 (f) 2 1
48 Sharing of work and responsibility evenly 6 5 4 (3 ) 2 1
49 Home life with a partner who is also pursuing a career 6 5 4
3 &  150 Dealing with ambiguous or ‘delicate’ situations 6 5 4 t r s  1
51 Having to adopt a negative role (such as sacking someone) 6 5 4 3 C Q  1
52 An absence of any potential career advancement 6 5 4 3 (2 ) 1
53 Morale and organisational climate 6 5 4 (J) 2 1
54 Attaining your own personal levels of performance 6 5 4 13J 2 1
55 Making important decisions 6 5 4 (3 ) 2 1
56 ‘Personality’ clashes with others 6 5 4 (£) 2 1
57 Implications of mistakes you make 6 5 4 (3 ) 2 1
58 Opportunities for personal development 6 5 4 (3 ) 2 1
59 Absence of stability or dependability in home life 6 5 4 I (0 1
60 Pursuing a career at the expense of home life 6 5 4 (T) 2 1
61 Characteristics of the organisation’s structure and design 6 5 2 1
1 2 3 4 5 6
APPENDIX D
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++ D e f i n i t e l y + M ore o r le s s ? C a n n o t q u a n t i f y - Am no t ]
TEN SE + + + - T IR E D + ?
- j
RELAXED -*- + + - ID L E ♦+ ♦ 7 z.
R E S TF U L f - U P -T IG H T ♦ ? -
A C T IV E + f - A LER T ♦ ♦ ♦ ? -
APPREHENSIVE + + - L IV E L Y ♦ 7 -
WORRIED - CHEERFUL ♦ 7 -
EN E R G E TIC * + - CONTENTED •f ♦ ♦ 7 -
DROWSY ¥ + +• - J IT T E R Y ♦+ 7 -
BOTHERED ♦ - SLUGGISH 7 -
UNEASY *■ - PLEASANT ♦ ♦ ♦ 7 -
D E JE C TE D * -fc +• - SLEEPY 7 -  '
NERVOUS 1* - COMFORTABLE ♦ 7 -
D IS TR E S S E D ♦ - CALM ♦ ♦ 7 -
VIGOROUS ♦ ♦ * - STIM U LA TED * ? -
P EACEFUL ¥ - A C TIV A TE D ♦ ♦ *■ 7 -
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QUESTIONNAIRE
Name :
N u m b e r :
D a t e :. 
C o d e  :
For offl use only
a
T h e  f o l l o w i n g  t i u c s t i o m i a i r c  i s  d e s i g n e d  t o  a s c e r t a i n  y o u r  
f e e l i n g s  a b o u t  t h e  e n v i r o n m e n t  t h a t  y o u  h a v e  b e e n  i n  t h i s  
m o r n i n g .
E N V I R O N M E N T
P l e a s e  i n d i c a t e  b y  m a r k i n g  t h e  l i n e  how y o u  r a t e d  t h e  
e n v i r o n m e n t .
T o o  h o t
P l e a s a n t
S t u f f y
D r y
Q u i e t
l o o
b r i g h t
T o o  c o l d
U n p l e a s a n t
F r e s h
H u m i d
T o o  n o i s y
N o t  e n o u g h  
l i g h t
x
HE
IX
X
I X
X
Y O U R S E L F
P l e a s e  i n d i c a t e  b y  m a r k i n g  t h e  l i n e  h o w  y o u  f e l t  t o d a y .
       C o m f o r t a b l eI n c o i n f  o r - ____
•.able
v l e r t  _____
M e n t a l l y )
I x t r e m e l y _____
i r e d
p h y s i c a l l y ) 
o r s t
L e  t h a r g i c
A c t i v e  
( p h y s i c a l l y )
B e s t
m
m
i
HEALTH
D i d  y o u  s u f f e r  f r o m  a n y  o f  t h e  f o l l o w i n g  d u r i n g  t h e  m o r n i n g ?  
P l e a s e  i n d i c a t e  b y  c i r c l i n g  t h e  u p p r o p r i n t o  n u m b e r .
( i )  H e a d a c h e  ( m i g r a i n e )
( i i )  H e a d a c h e  ( o t h e r  t y p e )
( i i i )  D i z z i n e s s
( i v )  L e t h a r g y  >
( v )  S o r e  d r y  e y e s  1 2
( v i ) F e e l i n g  o f  g r i t  i n  y o u r  e y e s  1 2
J v i i )  T i r e d  e y e s  1 2
v i  i  i ) 13l o c k e d  n o s e  I 2
i x )  D r y  t h r o a t  1 2
x )  S k i n  r a s h e s  I 2
x i ) A l l e r g y  I 2
x i i )  C o l d / F l u  I 2
xiii)Hackache
x i v )  A c h i n g  l e g s
x v )  H o t ,  a c h i n g  f e e t
x v i )  U t h e r ,  p l e a s e  s t a t e
2222
YES NO For Officeuse only.
2 2 2 2
